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INTRODUCTION 



1 - immODTTCTION 



A, variety of materials are used within Ontario tO' control dust on 

Tinsealed roads. Typically, these materials are selected by the 
responsible nunleipallty on the basis of eO'St Including application 
cost as well as effectiveness,. Particularly where materials have a 
short effective time,, cost of transportation can be very imp'Ortant and 
local sources of a suitable low or zero cost product are very 
desirable. For sone time concerns have been expressed .about the loing- 
term environnental effects of road spraying of materials such as waste 
oil with a teiO'Wn potential for envlro^nmental damage,. 

The study described in this report was coimiss toned by the Ontario 

Ministry of the Enviro^nment to examine the effectiveness and impact on 
the adjacent environment of a variety of substa,nces that are used at 
present or ■Ight be a,pproprlate ■ in the future. Major components of 
this study were as follows . 

1 - A review of the available i,nform,ation, and regulations regarding 

dust suppress,ants . 

2 - Selection of particular suppres„sants to be evaluated in, the field 

study and selection of sites where these suppressaiits had been used 
exclusively for several years. 

3 - Bus tf all monitoring ,at the six sites during the summer months,: 

4 - Analyze road surfaces, roadside soil and vegetation, background, 

soil and the suppressants themselves to investigate the 

significa,nce and fate of major components if the suppressants to 
the environment, 

5 - Measure vehicle •generated dust using fixed .and mobile s^amplers 

while a vehicle was driven along the test section of road. 
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2 - BACKGEOIMD IffiVIEW 



2 - BA«<mOOTB REVIEII 



2.1 - Methodolo:gy 

,An sxtenEive retrieval and review of relevant Information was carried 
out at the b-egliin:tTig of the study. To eiisure that the study renained 
focused on the area of interest, seBipemanent aliphatic petroleum 
prodiicts were eiccluded fron the review.. Both, literature searching and 
agency contact were used to identify relevant information, 

'fwenty-one environmental and transportation agencies were contacted in 
Canada and the United States (s^ee Appendix A) with the ohjective of 

determining 

(a) existing and planned policy, legislation and guidelines pertaining 
to road dust control 

(b) th©' rationale for any policies, legislatton and guidelines 

(c) road dust control studies undertaken within each Jurisdiction. 
contacted,, especially pertaining to perf orii,an.ce , cost and environ- 
mental Impacts of materials tested. 

In addition, the .followtng cO'aputertzed data bases were searched on the 
subject of road dust control. 



Canada 



ELIAS (Environment C^ana^da Library) 

lEC " (Directory of .Federally Supported Research in 

Universities) 
NRG (Nattonal Research Council of Canada) 

OOM (Ca.nada Institute for Scientific and Technical Inforiii.atton 

- Current Catalog 



IIWIIOLINE 
'EHVIROBIB 

NTIS 
TEIS 



(Canadian Transportation Doeymentation Systsii - Transport 

Canada) 

... 

( Enginee r ing Index ) 

(Enirlromient Infomatioe Center, New York) 

(Environmental Studies Institute, Santa Barbara, 

Galifomla) 
(Natio'nal Technical InforBation Service) 
(Transportation Research Information Service) 



2.2 - Policies, Eegiilations , and 

Ouidelines in Oldiar Jurisdictions 



2.2.1 - 



Eighteen agencies in Canada were contacted (sea Appendix A), to 
determine existing policy with regard to dust control on unpaved 
roadi. The .resiilts are aummarized in Table 2/1. On a federal 
basis,, the Chlorobiphenyl Eegulatlons No. 3 (Release) under 
Canada's Envlronnental ContaMinants Act state that a miocimum of 
5 ppm chloroblphenyls (PCBs) nay be applied to a road surface in 
any geographical area of Cana^da except where the Fisheries Act 
applies . 



As of February 1987, Ontario and Quebec were the only provinces 

in Canada with legislation or guidelines pertaining specifically 
to dust control on roads. Quebec has banned the use of new and 
■used oil for dust control primarily because of concern -with PCBs. 
Tests conducted on used oils in Quebec showed PCB levels ranging 
from ve'ry high to negligible. The Quebec govertment decided that 
control would be difficult if they allowed the use of some oils 
on roads. Therefore, to achieve complete control of the 
situation, and because more environmentally acceptable substi- 
tutes were available, e.g. calcium chloride (Environment Quebec 
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1987) , the use of new and used oil for dust control was 'banned. 
Mo'St oither provinces have dust control covered generally under 
air and water quality regulations. However, two provinces 
(British Columbia and Nova Scotia) are preparing legislation that 
will limit the use of waste oil for road dust control. British 
Columbia Is planning to inplenent a special waste management 
regulation in June,, 1987. It is anticipated that waste oil will 
be recO'gnized as a special waste and that majcimua levels of 
contaminants (e.g. PCBs) will be specified. Contaminant levels 
•are expected tO' be based on the existing practices of other 
provinces (e.g. Ontario) (BC Ministry of Environment, 1987). 

'The Nova Scotia Department of the Envlrorment Is plaiming a new 

waste O'il regulation under the Dangerous G'Oods and Hazardous 
Wastes Management Act which they hope to have approved by July 
1987 . Although specific wording of the regulation has not been 
finalized, the Department of Inviro'nment will be recommending a 
ban on the use of waste oil as a dust suppressant due to its 
potential contamination. 'The TlBes Beach, Missouri incident 
involving a sludge -containing dloxin mixed with waste oil and 
used as a dust, suppressant has 'been a major factor in the ban on 
waste oil (Nova Scotia Depar'tment of the Environment, 1987). 

In Saskatchewan, there are no specific regulations pertaining to 
road dust control 'but there are guidelines for the use of waste 
oil for dust suppression (Appendix 1) , Sas'katchewan Environment 
also requests specific information whenever dust suppressant 
projects are proposed (see Appendix B) . 

2.2.2 - tr.S.A. 

In New York State the use of waste oil for dust control on roads 
is prohibited under Section lOB of the liew York State Highway 
Land and DOT Regulation 17 1IYCRRI6I "Control of Dust". load 
oiling is also prohibited under Section 173 of NY State's 
Navigation 'Law which deals with waterway pollutants. 



California and Massachusetts also have their own regulations 
prohibtting the use of waste oils for road oiling. Other states 
(e.g. Oklahoma) pemit road oiling on a ease-hy-case basis. 
VerBont currently allows the use of waste oil as a road dust 
suppressant provided certain specif Icaticns are met. The waste 
oil must have nO' detectable concentrations, that is zerO' ppa 
(Reid, 1988) of PCBs, must contain less than 50 ppm total organic 
halogens j less than 1000 ppB tO'tal inO'rganlc chloride, and less 
than 200 ppm lead; must have a flash point higher than 140 deg F; 
and the net heat of combustion must be equal to or greater than 
8000 Btu per pound. The applicator of such oil must test it and 
notify the Vermont Agency of Environaental Conservation about the 
operation dates, location and quantities o^f waste oil used.. The 
applicator must also follow .guidelines to prevent the entry of 
such oils into surface or groundwater, drinking water sources, or 
flowing waters, New regulations are expected to be promulgated 
in Vermont by the summer of 1988 which will prohibit the use of 
any waste oil as a dust suppressant (Reid, 1988). 

lased on the above eo^mments, it is apparent that individual 

states across the US vary with regard to their policy on the use 

of waste oils fox road dust suppressant applications . 



2.3 - Road Dust Suppressant 
Use in Gaiiada . 



Table 2.2 provides a sumiiary of the road dust suppressants known to be 
currently used in the provinces and territories of Canada, 'This table 
was developed primarily through personal discussions at the provincial 
level and through a literature review. In 1983 the types and volumes 
of dust suppressants used in southern Ontario were identified by 
G^lllham et al (1985) and this information is summarized in Table 2.3. 



•^^^^ ' 7 



SatttBX CF DOST SOPSSE^im OS 
OW lagAVED BOaPS II CAMADA^.^ 



I 
I 
I 



?Ti» of Jttggt Snppr«s»mt P»«d 
geoyinee/Tarritorr CalcliB 



Ifagf Oil 



An>wtta 



British Colianbla 


X 


Maaitoba 


# 


Kaw Bniaswi'de 


x\' 


H»trto\m61tead 


X* 


Northwast 


m 


Tarritorlas 




Hova Seotia 


^\' 


Ontario 


»■ 


Quebec 






x^ 


?rlne« Edward 


s 


laland 





Yukon 



C^lorlda ^lar^dB Liqaora 



Salt 
Briaa 



Excluding saml-pemiarasnt asphalt eaulBlonB 

Based prinarily on paraxial contact with provincial envir(sniental and transportation 

agencies in Fibruary 1987 . 
Provincial Dept. of EQVironmtQt discourages us* of oil as a ^st suppressant. 
Mot used by Dept. of fruisportation 
Oil is banned for use as a dust suppressant in this psoviacB. 

e 

Ten^iJid is not considered a waste (Quebec legislation, Tidsle 2.1) because it is 
reprocessed by acid neutralization and eoteentratimi . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 



Tmm 2.3 



DUST SUPPIESSMTS MTULm 


m 








sowmsm Ontario (giixmam et at. -\m%\ 


AniDlied in 


1983 






Volwm f Liter si 




EouttkBTu 'Ontario' 


Calcltjm 


Ummd 




Pulping 


Coimties 


Chloride 

{solution) 


mi , 


'MSm... 


Liquor 






Brant 
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2.4 - Review of tilie Literature 
and Agency Discussions on 
Dust Suppressant Alternatives 



2.4.1 - General 



The Roads and Transportation Association of Canada recently spon- 
sored a study on dust suppressants and developed a product selec- 
tion chart based on traffic volumes, road subgrade type, surface 
material and climate. This information, plus a summary of per- 
formance limitations and preferred application rates and 
frequencies are provided in Appendix C. 

A more detailed discussion of the. three major dust suppressants 
identified as being of interest to this study (waste oils, cal- 
cium chloride, and ligno sulfonates) is provided in the subsec- 
tions below. The literature generally indicates that both cal- 
cium chloride and lignosulfonates are used extensively across 
Canada and are considered almost equal in terms of cost and 
control effectiveness . Variations in use are primarily due to 
proximity to sources and climatic conditions. The use of waste 
oils Is generally on the wane, due to environmental concerns. 

2.4.2 - Waste Oils 



(a) 



Waste oils include crankcase oils from automotive, railway, 
marine and farm equipment, and oil used in industry for 
cutting, machining and insulation. 



(b) Inorganic and Organic 

Composition of Waste Oils 



Gillham et al (1985) summarized much of the data available 
on the concentrations of various inorganic and organic 
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constituents of waste oils as listed In Appendixes Dl and 
D2 , Tliese appendixes include addltioiial technical data 
collected from studies by Suprenant et al (1983), Love and 
Assoclatea (1979) and Rudolph (1978), 



(c) Aaalytleal Meaiodologies 
for PCBs in Waste Oils 



Recent work by OceanCheB Laboratories Indicates that PCI 
concentrations found In waste oils can vary depending on the. 
analytical ■ethodologies used and the tine between sampling 
and analysis (Sirota, 1986). Appendix D3 sbows the varia- 
tion in total PCB levels found In samples containing mix- 
tures of petrolewi hydrocarbons and co'mnercial PCB mixtures 
using a standard extraction/cleanup methodology and a 
modified cleanup method using funlng sulfuric acid. 'The^ 
modified method resulted in better accuracy. Appendix D4 
illustrates the change In PCB^ concentratioifis over time of a- 
surface sanple of waste oil containing high levels of 
insoluble particulates . 

(d) Environnental Effects 

The main concern with the use o^f waste oils for road dust 
control Is the Impaet of cosnmon constituents, e.g. heavy 
metals, polycyclie aromatic hydrocarbons (PAHs) and 
polychlorinated biphenyls (PCBs) on the surrounding environ- 
ment. This Is a legitimate concern given the levels of 
"these contaminants fo'und In waste oils as summarized In, 
Appendixes Dl to D4. 

One of the first attempts at defining the extent of contami- 
nation was carried out by Freestone (1972). Tests were 
carried out in the vicinity of two oiled roads in New Jersey 
to determine the extent of runoff to a nearby stream and the 
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eicteiit o£ lead up take in aquatic organisiis , soils and 
plants. 'TwO' Ovll patches of '"several square Inches" were 
noted in shallow pools, on the barfts of the small stream, 
Howe-^er, no conclusions could be reached from results of the 
lead analysis on tissues of aquatic invertebrates. Soil and 
plant samples taken from a wheat field approximately 45 m 
from the road had slightly elevated lead concentrations 
(24.0 and 33.5 mg/kg, respectively) when compared with the 
expected background levels as established by Motto et al 
(1970). 

The rreestone report has since been criticized by Bell 
(1976) who pointed out that the lead levels found in 

Freestone's soil and plant samples were well below average 
lead levels in rural Ontario. 

Field Investigations carried out by Love fit Associates (1979) 

on Ontario road test sections in 1978 Indicated that the 
predominant transfer route of waste oil from the roadbed to 
the roadside envtronnent was by runoff following rainfall to 
the nearest drainage ditches and water courses, with a small 
amount accuiiulating in the shoulder soil. 

Freestone (1972) estimates that 70 - 75% of the oil leaves 
the road by dust transport and runoff and that the remaining 
25 - 30% is lost through volatilization, adhesion to 

vehicles, and biode gradation. Both Freestone (1972) and 

Suprenant et al (1983) conclude that penetration of eontaml- 
nants do^wnward through the soil is minimal. 

In 1980 Suns et al reported elevated levels of PCBs in 
yellow perch tissue taken from 12 Muskoka lakes affected by 

the runoff from waste oil applications. The study found 
that 71% of the samples from lakes that received runoff from 
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oiled roads contaitted PCB concentratloiis In excass of IJC's 
wildlife. protectiQ'Ti guidelines,. 

A few years age It wag not ■uncomion. tO' find widely 'irarylng 
quantities of PCBs in road oils. For example out of 22 

g,aiiples of road oils tested by MOl in 1978, 13 sanples had 
PCB concentrations of <5 ppm, 7 s.amples cO'iitained levels 
below 40! ppa, 1 sample Gontained 310 pptt and, another 

Gon,ta,lned 113,5 ppm (MOE, 1978). However', Ontario's waste 
manageaent regulations now require a certificate of approval 

to be obtained prior to the use of a dus^t suppressant and 
waste oils are routinely tested for PCB levels and other 
constituents prior to their use for this purpose. 



Recently, the Ontario Ministry of the Envlroiment sponsored 
studies to assess the potential for g,roun,dwa,ter contamina- 
tion by various dust suppressa,nts (G'illhaii et al,, 1985). It 
was concluded that because of dilution and geochemlcal 

retardation, proGesses the inorganic eonstltuents o^f waste 
oils will not likely have a negative effect on groundwater 
quality. However, the potential ,for groundwater contam,ina- 

tion, by organic constituents of waste oils remains very 
uncertain, since the fate of these materials in the environ- 
nent Is still not well understood. 

Techman (1982a) advised that road safety may be reduced by 
road oiling based on 1977 MTC skid tests on roads in, 
Haldimand Township. Oiled roads showed 25%. less skid resis- 
tance when compared to uetreated and calcium chloride 
treated roads but there was no information on the tin,e after 
application when this occurred. 

Th,e US Enviro'nmental Protection, Agency recently sponsored, a 

study to evaluate the health risks associated with the use 
of waste oil as a dust suppressant. However, no def,inite 
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conclusions were reached and the degree of health risk is 
still being debated (Metzler, 1985). 

(e) Efficiency 

Love & Associates (1978) state that waste oil is superior to 
calcium chloride as a dust suppressant. The latter study 
was based on road sweeps of loose gravel on some Ontario 
roads in 1977. Wiile the oiled sections of road compacted 
faster, they also broke up faster and to a greater degree, 
with potholes forming more readily in the oiled sections of 
road. Techman (1982) has also noted that roads where waste 
oils have been applied are prone to potholing in wet 
weather . 

Dust control studies on roads in Quebec compared oil with 
liquid calciiim chloride (Nolin, 1980) . It was found that 
the oil treatment gave slightly longer protection on clay- 
based gravels and much longer protection on non-clay 
gravels . 

Oil application rates for dust control are generally In the 
range of 1.1 - 1.7 h/isr to an upper limit of 2.7 "L/isr 
(Teclman, 1982; Love & Associates 1978), often applied in 
one application early in the season. 

(f) Cost 

A cost comparison for various dust suppressants was carried 
out by Gillham et al in 1985 (Table 2,4). This table 
indicates that used oil is the most expensive dust 
suppressant of the alternatives used in Ontario. The cost 
of $1858/km/yr for road dust control in Ontario using waste 
oil as shown in Table 2.4 compares with |1200/km/yr in 
British Colianbia in 1985 (Wagar, 1987) and a range of $2500 
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mmmATivE cost of tost stopiiss^t 



(GILmAM ET AL. 


ONTMIO (1915 lOIXAlS) 
19851 


Me^ Application 
Mate 




giippyessapt 


Reeloii 


($/L) 


Cost 




(L/km/yr) 


($/km/yr) 


llsed Oil 


S. Ceiitral 
Northern 


0.184 

0.198 


10 098 


1,858 


Calciiai Chloride 


;S, Western 
S. Central 
S. Eastern 

Nor'thern 


0.099 

0,121 
0.145 
0.150 


3 106 

7 318 

4 516 
4 008 


307 
885 
655 
601 


Brine 


S . Western 


0,016 


17 280 


276 


Sulphite Liquor 


S. Eastern 


0.003 


16 948 


« 



IS 



2.4.3 - Calelum Chloride 



(a) Composition 



Calcium chloride is deliquescent and hygroscopic, dissolving 
gradually and becoming liquid by attracting and absorbing 
moisture from the air. 



Analysis of dust suppressant grade CaCl2 flakes supplied by 
Allied Chemical was provided by Love & Associates (1978) as 

follows . 



Total alkali chlorides 1.8X 
Ca (OH) 2 ' 0.12 

Water 21. IX (variable) 

Generally, the solid flake is 70-80X CaCl2 while the 
solution contains 30 - 42Z CaCl2 (Techman, 1982). 

(b) Environmental Effects 

While It has been stated that calcium chloride may adversely 
affect water supplies, plants and aquatic species (Techman 
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to $6000/km/yr estimated by Techman (1982) for northern and 
western Canada. However, details on the costing quoted in 
these references were insufficient to make realistic compar- 
isons . Detailed knowledge of the many variables involved in 
developing a treatment cost is required, e.g., availability 
of product, transportation costs, road type, width and H 
condition, surface preparation costs, number of dust control 
applications per year (varies with road material and traffic 
volumes), labor and machinexy costs, climatic conditions, 
etc. 
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1982) , no doc'uiiamtatlon was found tO' indicate these effects 
have occurred fron the use of ealciun, chloride as a road 

dust suppressant.. In B.,C. the policy of the Ministry of 
Transportation and Highways is not to use chlorides where 
there are drinking water wells within 10 m- of the roadway 
(Wagar, 1987). 

Other problems with calcium chloride ha^e been identified by 
Techman (1982) as follows: 

- poor quality so'lls take longer to recover from wetting 

- eoBplalnts froii taxpayers about excessi rusting of vehicles 

- fresh calciua, chloride causes drying and cracking of 
leather (workers should wear rubber boots) 

- a surface crust created by CaGl2 ■ay be slippery in wet 
weather . 

In New Brunswick, caleiuM chloride is discouraged due to 
complaints of well contamination from road salting, and 
local government environmental officials fear that the use 
of CaCl2 as a dust control agent will only add to the 
problem (New Irunswtek Department of Municipal Affairs and 
the invlronment, 1987), Midwest Research Institute (1981) 
advises that a 30% CaCl2 can be Injurious on contact to eyes 
or skin. 

Despite the above drawbacks, recent inquiries by Acres to 
provincial environMental agencies across Canada indicate 
that calcium, chloride is still the preferred road dust 
suppressant in mo'St provinces.. 
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(c) Efflcleneir 

Field investigations by the Quebec Ministry of Transport 
compared a mixture of calcium and sodium chloride flakes 
(2.26 metric tonnes/km) with calcium chloride liquid (0.9 
L/m^) and flake (2.26 metric tonnes/km). They found that 
for gravels containing silt (11.7%) and clay (3. 72) 
subgrades, a 50-50 flake mixture of HaCl and CaCl2 is 
slightly less effective thwi CaCl2 in liquid or flaked form. 
For gravels with little silt (4.8%) and clay (2.5%) there 
was no difference in performance between treatment with a 
50-50 flake mixture of NaCl/CaCl2 and liquid calcium 
chloride (Langlois and Dallalre, 1979). 

While calcium chloride is generally considered an effective 
dust suppressant, it is less effective than lignO'Sulfonates 
when very dry (Techman, 1982; Boyd, 1983). It is most 
effective in areas where relative hiimidities exceed 30% 
(Techman, 1982). A comparison between the performance of 
calcium chloride and calcium-based lignosulfonates is 
provided for road test sections in Manitoba. 

(d) Cost 

Costs obtained by Gillham et al (1985) for calcium chloride 
ranged from 10 - 15c/L and $300 - 600/laii/yr, with the lower 
costs applying to southern Ontario and the higher to 
northern Ontario. This is considerably less costly than the 
18 - 20c/L cost for used oil in Ontario but much more expen- 
sive than 2c/L for brine and 0.3 c/L for sulphite liquor. 

In Quebec it was found that calcium chloride in flake form 
was 18% less expensive than similar protection in liquid 
form, although fewer trucks are required for the liquid 
application. Also, a 50-50 NaCl/CaCl2 mixture was found to 
be 39% less costly than calcium chloride flakes (Nolin, 
1980) . 
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At four sites In Manitoba, Boyd (1983) found costs for the 
supply and application of CaCl2 and llgno sulfonates to be 
essentially the same. There were no significant differences 
in maintenance requlreBents , except at one site which 
required additional applications of a li,gnosulf onate , 

2.4.4 - Lignogulfonates 

( a ) CQiiPosltion and Types 

Li,gnosulfonates are organic, non-bituainous binders that are 
b3rproduct,i; of the sulfite pulping process. 

The organic constituents of sulfite liquor and some commer- 
cial li,gnosulfonates are presented in Appendix, F. There are 

five types of lignosulf onate compounds which may be used as 
dust suppressants (Techman, 1982) 

- crude lignosulf onate (untreated spent sulfite liquor) 

- caleium (Ca)-based 

- sodimn (Na) -based 

- magnesium (Mg) -based 

- ammonium, (Mj.) -based 

(b) Environmental Effects 

NorBan (1984) conducted an, environmental as,se,ssm©nt of 
lignosulfonates used as dust suppressants and much of the 
information that follows has been suim,a,rized from that 
report. 

Lignosulfonates and spent sulfite liquor reduce dissolved 
oxygen as evidenced by Biological Oxygen Demand (BOD) , and 
Chemical Oxygen Demand (COD) . Color and the quantity of 
suspended, solids in w,ater are also increased. Since color 
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- sone copepods could not tolerate spent sulfite liquor, 
with significant mortalities being reported at 
5 - 15 . 7 ppm solids in 2 - 14 days . 

Based on the California toxicity data collected by Norman 
and using an ammonium- sodium lignosulfonate sample provided 
by Temfibre, a graph was developed (Figure 2.1) showing the 
relationship between conductivity, concentration (ppm) and 
environmental effects . 

Research by Wong (1981) indicates that the toxicity of spent 
sulfite liquor to fish is variable and is dependent on the 
pulp yield, with a higher pulp yield resulting in a lower 
toxicity. Wong observed that toxicity decreased sharply in 
the pulp yield range of 40 • 55Z, and h3rpothesi2ed that the 
degree of toxicity was related to the amount of extractives 
(e.g., resin and fatty acids) present in the wood and the 
concentrations of lignln degradation products . 

Norman (1984) notes that Temfibre Ltd. operates a low yield 
acid sulfite mill. Their product (Tembind 25) which is 25% 
solids, was tested by MOE on a road in 1985 and the results 
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reduces light penetration to the water, this can in turn, 
reduce the photos3nnthetic action of aquatic flora. However, 
the most serious concern is with fish toxicity. Background 
data in support of California water quality criteria in 1963 
provided the following toxicity details for spent sulfite 
liquor (see Appendix F) B 

• 100 ppm of the non- aqueous portion of spent sulfite liquor tt 
is lethal to trout in a few days " 

- 200 - 500 ppm killed warm water fish in 10 - 20 days | 
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mem prisefited In Appendix F. No ©tivlroimeiital effects were 
neagurable, even after a heavy rainfall which could have 
produced signlficatit runoff to a waterway which was within 
In of either side of the roadway. This is the only 
identified ligno sulfonate road test to date performed speci- 
fically to determine environmental effects. Tembind is 
reprocessed by acid neutral tzatlon and concentrated by 
evaporation. The manufacturer cited US Food and Dug 
AdBLinistration Federal Regulations which allow the use of 
lignosulfonates as a binder (up to 4Z) In the production of 
animal feed (Majors, 1988). 

Research has been done on the relationship between other 
lignosulfonates and fish toxicity. The Environmental 
Protection Agency (1980) found a comaerclal llgno sulfonate 
road stabilizer to be moderately toxic to rainbow trout. 
Eoald (1977a) fowuad no clear relationship between lignosul- 
fonate concentrations and growth retardation in rainbow 
trout but In another study involving rainbow trout (1977b) , 
he indicated that lignosulfonates may be an Inportant factor 
In effluent toxicity of spent sulfite liquor. This was 
based on a 48 hour LC50 for rainbow trout at a concentration 
of 7300 ppm lignosulfonates and a 275 hour LC50 at a con- 
centration of 2500 ppm. In view of the research findings to 
date, it would appear prudent to recoBmend avoiding applica- 
tion of lignosulfonates as a dust suppressant In the vicin- 
ity of spawning sites and cold water streams supporting 
trout . 

Under appropriate temperature and moisture conditions, spent 
ammonia-based sulfite liquor can provide fertilizer benefits. 
These Include nitrogen, sulphur, sugar consumption by micro- 
organisms as a carbon source, and lignin's contribution to the 
humus component of the soil (Bollen, 1955). However, since 
lignosulfonates do not penetrate through soil to any extent 
(lorman, 1984), their environmental benefits to soils would be 
negligible . 
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Based on the limited literature available, lignosulfofiates appear 
to produce little systemic toxicity to himans or animals (Singer 
et al. 1982). 

(c) Ifficieneir 

Field trials on lignosulfonates (Tembind 35) at 21 sites 
around 'Oiitarioi were carried out in 1984 by the Ontario 

Ministry of Transportation and Go'Dnunications as described 

in Appendix 1, McDougall (1986) sunmarized the results of 
these trials as folloiws: 

- lipiosulfonates were most effective on sedimentary, high 
fines crushed rock and less effective on igneous, medium 
to low fines , crushed gravels 

- Itgnosulfonates were less effective than road oil and 

nearly as effective as calcium chloride 

- where perfomance failures occurred, they were due to loss 
of dust palliative following rains and application on 
unconsolidated roads 

- li,piosulf onates perf O'rm. be:st tinder arid conditions . 

Boyd (1983) also found that calcium and sodiua,-based llgno- 

sulf onates perfomed well on test roads in Manitoba under 
dry to nomal weather conditioni and on roads with clay 
subgrades. Where Itgnosulfonates did not perform well, 
there were above average rainfalls and sandy subgrades. 

Techman (1982b) reports that an ammonium-based lignosulfo- 
nate was found to be very effective in Port Alice,, B^.C, 
regardless of very high rainfall (2920 mi annual average). 
They also advise that llgnosulfonate effectiveness increased 
with higher dissolved solids content (Techman, 1982a) . 
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Studies hj Sontowski and ¥liet (1977) indicate thmt calciiiii 

llgno^sulfoinate produced 72Z less dust than sodium ll,gnosul- 
fonate and 56% less than .a^onlua ILgnO'Sulf onate , pre'sumably 
due to the deliqueacent properties of the calcium.. However,, 
the IC Ministry of Transportation and Highways considers 
that ealciua and sodiuM lignosulfonate are equally effeetiTe 
In most arid areas of BC (Wagar, 1987). 

Qeneral performance criteria for lignosulfonate dust sup- 
pressants have recently been developed for the Roads and 

Transportation ,Ass@ciation of Canada and this information is 

suMaarlzed in Appendix C. 
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Aquln et al (1986) compared the cost and control effective- 
ness of Temhind 35 lignosulfonate with waste oil and calcium 

chloride at various test sites aro'und Ontario, The " rating 
system is described below and the results are shown In 
Table 2.5. 

k maximua of 10 was assigned for no dust and no potholes. 
The cost factor was given a maximum rating of 20 for the 
least expensive as cost Is a major consideration when 

choosing a dust palliative. The percent rating was obtained 
by adding the three ratings,, dividing by 40^ and miiltiplylng 
by 100. Aquin et al concluded that Temblnd 35 Is relatively 
effective when compared with calcium chloride and waste oil. 
However,, they ca,ution that other factors should, ,also be 
considered when assessing cost and control effectiveness 
e.g., cost of treatment per square meter, savings from 
reduced grading, period of time dust is effectively 
suppressed, the reduction in granular materials losses and 
enviro'nmental constraints . 



'rmm 2.5 

COST Am COITO^OL EITIGIHiCIES OF 

T^liBIlil 35 COMPAU^ WITB WASTE OIL 

AND GALCIIM CHLORIDE CAQITIN EF AL. 1986> 



Dust Control 

lesistanee to 
Potholing 

Cost 

(Typical, $/tai) 

Total: (2) 

Number of Sites (3) 

Rattng, I (4) 



latiiip 


fll 












Calcium 


MaxuKm 


Tembind 35 


Waste Oil 
10.0 


Chloride 


10 


8.5 


8.3 


10 


8.1 


9.2 


8*3 


20 


16 . 6 


17 . 


20.0 




(1312) 


(1285) 


(1090) 


40 


33.2 


36.2 


36.6 


'.«» 


16 


A 


1 


100 


83 


91 


92 



Notes 

<1) Rating: the hlglier the maiber is the better rating. 

(2) Total: the sun, of the ratings. 

(3) Number of test sections where the material was used, 

(4) Rating I ~ percent of total available points (40) . 
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2.4.5 . Other Product-s 

A nyBber of O'tlier pro'dLucts 'have beeii tried for road dust 
suppress io'H and these are described In Table 2.6. Generally 
they are considered Inferior to waste oils, calcium chl.oride 

and li,piosulfonates in terns of effectiveness and/or cost 
except f'or magnesluii eh lo^ ride. The latter Is used 
esctensively in B^.C. , particularly in arid areas and Is 
available at a cost comparable to^ calciuM chloride. 

Gather waste products which may have potential for dust 

suppression are as follows (Techaan, 1982a) 

- fly ash 

- hydrogenated tallow 

- sulphur 

- rubber latex 

- calcium or magnesiun, carb'O'nate from water sO'ftenlng 
opera tio'ns . 

However,, none of the above products is known, to have been 
tested for dust suppression effectivenesi and some products 
may have adverse environmental implications. 
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Waste oils, calclini chloride and ligno,sulfonates are all considered to 

be effective road dust suppressants. Love and Associate,^ (1978), Nolln 
(1980), Techman (1982b) and Aquin et al (1986) found waste oil to be 

superior in performance to calcium chloride, although both Love & 
Associates and Techman (1982.a) note that oiled sections of roads are 
prone to potholing in wet weather. tJMA Engineering (1987), however,. 
Indicated that petroleum products do not perform quite as well as 
calcium, chloride or llgnosulf onates . Therefore, while all of these 
dust suppreasants are considered to perfo'rm reasonably well, there is 
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no clear consensus on one product outperforming the other. In many 
cases, absence of details on variables such as traffic volumes, sub- 
grade types (clay, silt, etc) surface material, climate, etc, make it 
extremely difficult to compare various road tests undertaken to date on 
these three dust suppressants. Nevertheless, ligno sulfonates are 
considered by most investigators (e.g., Techman, 1982; Boyd, 1983; 
McDougal, 1986; and IMA Engineering, 1987) to be superior in dry cli- 
mates and calcium chlorides to be most effective where relative humidi- 
ties exceed 302. UMA Engineering (1987) indicates that petroleum based 
products are generally effective under any climatic conditions except 
rain. 

With regard to environmental impacts, there is still considerable 
concern regarding the use of waste oils , primarily due to the unknown 
environmental effects of their organic constituents on the roadside 
environment and local streams. There is also concern that lignosulfo- 
nates could adversely affect fish populations, particularly where 
runoff occurs to trout streams. The main concern with calcium chloride 
is with its' ''salting' effects on water supplies and possibly plants and 
aquatic biota. However, no documentation was found in the literature 
or through discussions with transportation or environmental agencies 
that indicated adverse environmental impacts as a result of calcium 
chloride or Itgnosulfonate use as a road dust suppressant. It must 
also be recognized, though, that very little research has been carried 
out in this area to date. 

Costs quoted in the literature varied considerably even within the same 
province (see Tables 2.4 and 2.5), and it is difficult to draw any 
conclusions without a detailed analysis of the basis for costing. 
Undoubtedly, costs will vary depending on geographic location, product 
availability, willingness of local supplier to be competitive with 
other products sold in the area, application rate, number of applica- 
tions, etc. 
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3 - SITE SELECTIOff 



'The gltei for the field studies were selected with the assistance O'f 
the project ©officer from MOE. Following the review of suppressant 
usage, Acres was requested to identify sites for six suppressants 

Calciim chloride 

Lignosulfonate 

Waste "Industrial" oils 

Waste "'crankcase" oils 

Temhind (conmercial lignosulfonate based binder) 

Salt brine 

The criteria for the site selection included duration of continuous 

trea'tment with the designated suppressant, proximity, and '"representa- 
tlveiiess'". 4t a nore detailed level, in the selection of the specific 

s.ampllng sites was done in consideration of relative uniformity of the 

test section, lack of other nearby dust sources, cooperation of local 
residents (if any) and general accessibility. 

Candidate sites were first identified during the review of backgrouiid 

material. The road authorities responsible for the suppressants of 
interest were telephoned to find out if sections of road were available 
to meet the selection criteria. 'This proved to be a time consuming 
task. Most sites were ruled out because of the use of different sub- 
stances or suppliers within the time of interest, or because the 
Infoniatlon was unavailable or inaccurate. Finally, six local areas 
were identified, and specific sites were chosen in the first of four 
site visits. The sites, described in detail in Section 5, were: 

1 - Niagara -On- The -Lake (calclun chloride) 

2 - Hallowell (lignosulfonate) 

3 - Milton (waste "industrial" oils) 

4 - Amour (waste "'crankcase"' oils) 
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5 - Cole«aa, (Tenbind) 

6 - Blandford-Blerfieim (salt brine) ., 

In the review of previous work, it was fowid that dmstfall Jars 

deployed in other stttdles had been subjected to periistent vandalism,. 
In this study, the Jars were placed on standS' in the ©pen or near fence 
lines or other supports (not large obstructions, which were avoided), 
that would make them less obvious. Hone of the s^Miplers was vandalized 
during the study, althou^. a few were disturbed accidentally. The 
result of this is that the specific locations of s^amplers at each site 
reflected the local obstruetloni and opportunities for eoneealing the 
s.amples . 
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4 - FIEU) MOOR^ 



4.1 - Diistfall Sairoltiig 

Dustfall Is a low cost but co&tsb indmx of th© impact of loeal fugitive 
dust sources to the atnospherie nonitored over a 'nominal 30 -day perioid. 
It is measured by expoitng an open top collector Jar to the air for a 
■onth. The material collected In the jar is rinsed out, filtered, and 
■weighed after organic debris such as leaves and Insects, have been 
removed. The procedure used in this study generally follows the 
"Standard Method for Collection and .itoalysis of Dustfall" (ASTO D1739- 
70) as adopted by MOE, but with several exceptions. The dustfall jars 
used by MOE have dry polyethylene liners. Those used In this study had 
no liners , and contained an initial amount of copper sulfate solution 
as an inhibitor to algae. Dustfall ■ethods also differ in the t3rp-e of 
collector used. 'The ASTM collector Is larger than that used by MOE. A 
previous consultant to MOl had found wide-mouth '••' mason jars'" to be a 
cost-effective and efficient alternative. It was agreed with the 
scientific officer that they would be used in this study. 

The terms of reference specified four dustfall jars at each site- -two 
on either side of the road- -but following review It was considered 
desirable to use more, the actual number being determined by the site 
layout. The naxlmya nuaber at any site was eight in the following 
configuration: three were placed 1.5 b high on each side of the road 
at 8 m, 16 m. and 32 n from the eenterline; one was placed on each side 
at approiximately 2.2 ■ height on telephone or hydro poles , typically 
8 m from the road eenterline. The height of 2.2 a was reachable by the 
field technician and approximated the 2.4 m (8 ft) height suggested by 
ASTM,. Although it was reco,gnlzed that the vehicle -generated dust plyjie 
would be closer to a height of 1.5 m, (hence that choice), the higher 
elevation on utility poles seemed less susceptible to tampering and 
jars at that height were used In addition to the 1.5 m high jars where 
possible. The collectors at 1.5 n were mounted in brackets either on 
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fence ports or on independent steel rods driven into the ground, Plate 

4.1 Illustrates the collectors, brackets and stands, 

4.2 - B^Xn qaT;tg^ 

Although not specified in the terms of reference, it was recognized 
that the rainfall should be iieasured at the site because of the 
potentially for a large variation between the rainfall at the site and 
the nearest Atmospheric Environment Service (AES) station. Simple 
rainfall gauges were made for Installation at each site. Precautions 
were necessary to reduce the large error that could be caused by 
evaporation during the unattended month of operation. Each rain gauge 
was made using the cap ring and jar of the wide-mouth mason jar. A 
plastic fuiuiel was cut to fit exactly beneath the screw ring, thus 
providing a wind baffle. About 3 nm of mineral oil was poured into the 
rain gauge during Installation to further reduce evaporation. 



4.3 - Surface Sampling 

Samples were obtained from the road, the ditches, and adjacent land for 
chemical analysis. Because of the distribution of wind directions in 
Southern Ontario, the east side of a north-south road is (more often) 
downwind and is referred to as such in this report. Similarly, the 
north side of an east-west road is more often downwind, although over 
short time periods the prevailing wind directions may not be dominant. 
The sample locations using this reference frame based on the prevailing 
winds are : 

1 - Road center, - 10 cm 

2 - Road center, 10 - 20 cm 

3 - Downwind, tire track, - 10 cm * 

4 - Downwind, tire track, 10 - 20 cm 

5 - Downwind , extreme edge , - 10 cm 

6 - Downwind, extreme edge, 10 - 20 cm 
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(b) MOBILi COLLiCTOR MOUNTED 
BEHIND VEHICLE 
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7 - Upwind, ditch, soil 

8 - Upwind, ditch , vegetation 

9 - Downwind ditch, soil 

10 - Downwind ditch, soil (dup) 

11 • Do'wnwind ditch, vegetation 

12 - Downwind ditch, vegetation (dup) 

13 - Upwind backgrDund soil (50 m from road) 

14 - Downwind background soil (50 m from road) 

15 - Upwind vegetation identification 

16 - Downwind vegetation Identification. 

The last two s^amples were used for the site descriptions provided in a 
subseiqiient section. The other samples were subjected to cheaical 
analysis as described in the next section. 



4.4 - Analytical Procediges 

4.4.1 - mmt Suopregsanlts 
(a) 



The metals in the dust suppressants were measured by two 
methods. The samples were subjected to inductively coupled 

plasma analysis (ICP) . A second set of subsamples was 
analyzed using atomic absorption techniques. The dust 
suppressants were subjected to a strong acid digestion using 
a 2:1 mixture of nitric and hydrochloric acid and the diges- 
tate analyzed by atomic absorpition spectrophotometry for the 
various metals. A sample weight of approximately 2 g was 
digested (except for the salt solutions where 50 mL allquots 
were used) the volume brought up to 50 mL, filtered and 
analyzed by fl^e atomic absorption. Seleniun was analyzed 
by graphite furnace atomic absorption. 
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file 35X solutions of CaCl2 were diluted and tested for total 
mercury 'using the Envlro'nment C^anada ■ethod for the deter- 
nination of mercury in saline water by autOMated U.V. diges- 
tion, cold vapor atomic absorptiom. 

(b) Polvcblorlnated Biphenvls CPCB) 

PCBs were analyzed in oils by MOE Method C. One gram of oil 
was weighed and dissolved in 5D mL of methylene chloride . 
The solution was passed through a florisll column and eluted 
with I'X v/v benzene in hexane and then concentrated using a 
rotary evaporator. A ¥arian 330€' gas chromatograph equipped 
with capillary eoluain and electron capture detection (ECD) 
was used for the analysis. In some instances where further 
clean-up was required,, a mixture O'f fuming, sulfuric acid and 
concentrated sulfuric acid was used. 

(c) Chlorinated Solvents 

Trlchloro-ethylene and tetrach.loroethane were esttmated in 
the oils by the following quick scan. One gr.aa of oil was 

dissolved in 10 nL of bexane. One uL of this solution was 
than injected into the gas chromatograph ,. 

4.4.2 • Soil. Road and Ditch Saamles 

(a) Metals 

Th,ese. s^amples were analyzed for nonre,sidua,l metals using the 
Environment Canada 0.5 N Hydrochloric Acid Extraction 
method. Th,is involved weighing out a ,5-g, <80'-mesh portion 
o,f honogenlzed s.ample,, adding 50' mL of 0.,5 N HCl a,nd, shaking 
it overnight. The extract was then filtered through a 0.45 
micron cellulose acetate filter and analyzed by fl.aii,e atomic 
ab'sorptlon (furnace atomic absorp'tion for Se) , 
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(b) Ohlorlde 

Chloride was tested on the filtered extract obtained fron a 
distilled water- leach of the sanipiles. 'This preparation 
requires taking a 5-g <80-aesh portion of s,fflmple and shaking 
it ovemight in 50 mL of: distilled water. The extract is 
- then filtered and 'nm by autoanalyier using the EnvirO'iment 
Canada Automated 'Thlocyanate method. 

Cc) PolirchloriTiated liphamr ls (¥Cm 

Ten graas of soil was blended with acetonltrlle and the 

extraet was exchanged into petroleum spirits , passed through 
sodium sulfate and condensed to 2 mL by a rotary ©vaporator. 
'The extract was then cleaned on a florlsil column,, con- 
centrated and analyzed by a gas chromatograph equipped with 
ECD and capillary column. 

4.4.3 - ¥egetatloa 

(a) 



All vegetation samples were washed, shredded, homogenized 
and subsampled for metals, PCBs and chloride analysis, A 
strong acid digestion stmilar tO' the one described for the 
dust suppressants was used to extraet the metals from, the 
vegetation. The dlgestate w,as then analyzed by atomic 
absorption. 



(b) Chloride 



The prepared vegetation samples requiring chloride a,nalysls 

were extracted and analyzed using the method outlined in 
Section 4.2.2. 
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(c) Polvehlorinatecl Biphenvls fPCBl 

'The prepared vegetation s,iaiples requiring PCB analyiii were 
extracted and analyzed using the method outlined in Section 
4.4.2(c). 



4.5 - Vehicular Dust Generation Ibroeri 



In each of four "visits to the site,, two runs were conducted to further 
define the source strength of the road section and to remove some of 
the variability due to uncontrolled factors in the dustfall progr.am. 

In each experiment mobile and fixed samplers were operated while a 

vehicle was driven along the test section at a fixed speed of 70 ta/h. 
The stationary equipment Included two standard high volume air Siamplers 
("hi-vols") , one on either side of the road, approximately 3 m from the 
edge of the road. These were operated for approximately four hours 
while the vehicle runs were performed. During these runs, a vehicle 
was driven along the test section of road at 70 'km/h while three addi- 
tional collectors were operated, 'Two of these were mounted on the 
vehicle and the third was mounted on the downwtiid hi -vol. These 
devices were personal sampling pumps drawing air at 3 Lpm through 
membrane filter cassettes. 'The two cassettes on the vehicle were 
located 2 m behind the vehicle at heights of 1 and 3 m as specified by 
the Scientific Officer for the MOE,. During prelimifiary testing of the... 
app.aratus and analytical method, it w.as found that exposures of .20 min 
were suitable for the subsequent deterninatlons of filter loadlng.s . 
Two runs w.e.re performed during each sampling visit. 'The sampling 
.apparatus is shown in Plate 4.1 A subjeetive rating of dust control 
was .also made during the runs .. 

After the experiments, the 'hi -vol filters w.er€ returned, to Acres'' 
labor,atory for standard graviH.etric loading dete'tmination. A. road 
surf. ace s.aaple w.as .also obtained for determination, of moisture content.. 
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"The meabrane filters were taken to Brock University where the total 
mass and distribiition of the nass in three size ranges was determined 
by co'irputer enhanced Inage nicro'scopy (Quantinet 720i) . Coneentratlons 
of the partleles In air were calettlated fron the eicpostire time, flow 
rate and filter loadings. 



5 - SITE DESCRIPTIONS 



I 
t 



38 



5 - SITE DESCRIPTIOlgS 



5.1 - Nlagara-oTi- the -Lake fCalcium cailoridel 

'Ttie Hiagara-ofi- the -Lake (NOTL) site,, shoim In Figure 5.1 .and Plates 
5.1(a) and (b) , is part of Concession 6 north of Niagara Falls and just 

south of Line 8, The airport and weather office are located 
approximately 4 ta northwest of the site. 'The test section is straight 
and flat and is fairly heavily travelled. Caleiim chloride has been 
applied for perhaps lOi years or more except for a single test 
application of a proprietary product in 1984. Grape vines are 
cultivated in the surrounding farmlands. 

The roadside dltche.s are thickly vegetated with the composition 
sho^wn in Table 5,1. 



5.2 - Hallowell fLignosulfonatel 

'The test sectidfi for li,gnosulf onate , shown in Fi,gure 5.2 and Plates 
5.2(a) and (h) is under the jurisdiction of Hallowell Township, and is 
located 7 Im southwest of Plcton. Township vehicles obtain the spent 
pulping liquor from the Do«tar plant in Trenton where the material is 

provided free of charge to all road authorities wishing to use it. It 
is applied as often as three times weekly. 'The freshly applied solu- 
tion has a distinctive odor similar to sawdust and molasses. Although 
not offensive, the odor is persistent but does diminish considerably as 
the substance dries. While wet, the ligno sulfonate is sprayed up by 
tires of passing vehicles. Coating t'hem with a bro'wn sticlqr film. 
This is removed easily with cold water. As the lignosulfonate dries it 
gives the impression of congealing and the road looks similar to an 
oiled surface. The main disadvantage of lignosulfonate is that it Is 
readily water soluble, leading to unsightly runoff during rain and the 
need for frequent application. 
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(a) SITE, FACING NORTH 




(b) SITE, FACING SOUTH 



PUTE5.1 



ONTARIO MINISTRY OF ENVIRONMENT 

DUST SUPPRESSANT STUDY 

NIAGARA ON THE LAKE SITE 



m 



41 






ftmilf Gcimixiae 


C6ras.s) 






Besous Sf. 




>35 


75 


Pnlev sp. 




10 


25 


ipa£Qbol»s sp. 




ae 




fifasagmi'taa sp. 








Koriu* ip. 








F^nilj SaLlcaeeaa CMiliow) 






Sallx sp. 









€1) CI} CI) CZ) CI} CII 



»ii « SO. 






TamLlj Equisstacwae (Bsra'etall) 

EqpisattB sp. H 

FamllT QiiesEaeeae (Chl<eO'Z7) 

Leon'bodaD. sp. '#}, 



WmtLly Res-aeeaa (Ros*) 




Potwitilla sp. 




Fiiroily Plaa,ta«,«i«c»«« 




PlantagS' sp. 


<1 


Cirsito ap. 


# 



'BioomfieM 



^m^i^ 







ONTARIO MINISTRY OF ENVIRONMENT 
DUST SUPPRESSANT STUDY 

HALLOWELL TOWNSHIP DUST SUPPRESSANT TEST SITE 



Fig. 5.2 





(a) SITE, FACING NORTH 




(b) SITE, FACING SOUTH 
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The test road leetion pro^vldes the malti access to the township landfill 
In addition to regular traffic. 'On the west side of the road is the 
pasture of a 'dairy farm. A small creek runs through the pasture and 
through a culvert under the road Just north of the test section. On 
the east side there is a fallow field surrounding a aobile hoae on a 
lot 'O'f about 60 m by 60 a,,. The dustfall Jars in the east side were 
mounted on the fenceposts of this lot. 'On the west side, fenceposts 
were used for the near collectors, others were placed in the pasture, 
out of the path of the dairy herd where possible. Alte:mative sites 
along the road had either poorer exp'O'Sures or were adjacent to ploughed 
fields . 

Species of vegetation in the ditches are listed in Table 5.1. 



5.3 - Milton f Industrial Haste Oiint 

If 

The distinction between 'industrial' and * crarfccase ' mixed oils was 
made by MOE on, the indirect basis of collection area. It was assuaed. 
that major waste oil recyclers In the industrial areas o^f southern 
■Ontario would get a more diverse mix of oils from industrial so'urces, 
whereas a recycler in rural central Ontario whose collections were 
mainly fron service stations would have predoBlnantly a used erankcase 
oil mix. 

The waste oil used by the Town of Milton for dust suppress io'n is 

supplied by a large collect'or/recycllng operation in southern, Ontario, 
Side Road No 2 was selected for the test section, specifically the part 
north of Highw,ay 401 near M,ohawk Raceway. 'There is a heavily used 
campground at Ae end of the road section which is also used by many of 
the C'onmerclal vehicles,, large trailers and* other private race track 
traffic. Figure 5.3 and Plates 5.3(a) and (b) show the location. 

Oil was applied in mid-May Just before the Initial sampling visit. 

Th,is was to be the 'only application of the year. The odor of used oil 
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(a) SITE, FACING NORTH 




(b) SITE, FACING SOUTH 
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is familiar and distinctii^e. By ttie last visit to the site it had 
diminislied considerably but was still Identifiable. ttrough the years 

o.f applicatioiis, the ro^ad has developed an almost asphalt-like 

appear anee on much of its surface. 

The composition of the vegetation In the roadside ditches is given in 
Table 5.1. On the west side of the road, the test section borders 

rural residential properties. For the east, there is a broken hedgerow 

of lilac,, poplar and other b'rush and a pasture not 'us.ed during any site 
visits . 



5.4 - Amour Townshin fCrankeage Qtls^ 

In consultation with the Minis tiy, a supplier fron central Ontario was 

selected as having the wastes designated as 'crankcase oils'. A number 
of candidate roads were identified and examined. Finally,, Jack La,ke 
Road was selected [Figure 5.4, Plates 5. 4(a). (b) ] . The road is 
located about 5 ta northeast of ,Burk's Falls, Traffic along the road 
lnclude.s typical rural traffic, cottagers for Jack Mid Pickerel Lakes 
and tourists fron a large recreation lodge on. Pickerel Lake. It was 
difficult to find a section of road with completely open exposures on 
both slde,i. The selected area was open to a residential property on 
the north side.. To the south,, there was a broken, tree line about 20 m, 
from the road. Jack 'Lake lay another 80' m, to the south through light 
bush . 

The road was found to be quite similar in odor a,nd appearance to the 

Milton site, except that the application rate was apparently either 
lighter, or the period of application had been shorter. The road did 
not have the asphalt- like appearance of parts ©f the road at Milton. 

Roadside vegetation' was sparse as identified ,in Table 5.1. 
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(a) SITE, FACING EAST 



(b) SITE, FACING WEST 
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5.5 - Colemaii Townsfalp fT'eMbiindl 

TeBblnd Is a proprietary fo'rmulatlO'n produced fron waste pulping liquor 
by Temfibre in Temlscamlng , Quebec. Applicattoiis have been, made for 
short test purposes In many parts of the province; however, we could 
not identify any locations, where It had been used on a long- tern, basis.. 
The To'Wnship of Coleman was identified as havleg used Tenbind for 'two 
years. 'The road selected for testing was Marsh Bay Road, approxliiately 
6 km from Cobalt [Figure 5,5, Plates 5.5(a),, (b)]|. 'On the west side of 
the road were several residences. On, the east w,as a field used as a 
farm airstrip which was becoming overgrown with brush. 

The dust suppressant had a similar odor to the Domtar li,pios,ulf onate , 
but did not appear to have been applied as heavily. There was a simi- 
lar odor during the first visit (about 1 week after application) , but 

the odor was almost undetectable by the end of the season. 

The vegetation in the roadside d,itche,s was relatively sparse and is 
identified in Table 5.1. The soil was sandy with very little organic 
matter . 



5.6 - Blandford-Blenheim Township fS alt Brined 

Salt-brine Is a local dust suppressant produced as a by-product of gas 
wells in south-westem Ontario. The road selected for study was in 
Concession 10 in Blandford-Blenhein To'Wn.shi,p, east of Woodstock as 
shown in Figure 5.6 and Plates 5. ,6 (a) and (b) . The road runs east -west 
and carries typical rural traffic. On the north side, there is a farm 
with, pasture to the north-east and tree seedlings to the north-west. 
To the south, there is an Oxford County Ministry of Natural Resources 
Agreement Forest. Vegetation in the roadside ditches is identified in 
Table 5.1, Th,e road did not show direct evidence of dust suppressant 
application except ,at the beginning and end of the application zones 
where slight darkening of the treated, area was observed. 
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(a) SITE, FACING NORTH 




(b) SITE, FACING SOUTH 
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fa) SITE, FACING EAST 




(b) SITE, FACING WEST 
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6 - SAMPLIWO SCHEDPU 



Table 6.1 lists the dates on which all the coaponents of the field 
sampling, experlBents and monitoring were perfonBed. 

'The sampling Intervals -vmry slightly froii, one site to another because 

of scheduling compromises made beeaiise o^f ad-verse weather, equipment 
problems and so forth. 



TABTLE 6.1 
SAMPLIHG DATOg 
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Site Seleetion 

Install Dustfall Jar S©t 1 
load and Soil Sampling 
Mobile Experinent Set 1 

Ixchange Dustfall Jars 

Mobile Experiment Set 2 

Exchange Dustfall Jars 

Mobile Experiment Set 3 

Collect Dustfall Jars 

load and Soil SaMpllng, 
Mobile Experiment Set 4 



BTL Picton Milton Jack Lack Coleinan Ifoodstock 

870520 870525 870520 870625 870624 870529 

870522 870525 870529 870625 870624 870630 

870522 870525 870529 870625 870624 870630 

870618 870620 870619 870625 870624 870630 

870721 870719 870722 870726 870725 870723 

870721 870719 870722 870726 870725 870723 

870824 870830 870901 870826 870827 870825 

870824 870830 870901 870826 870827 870825 

871014 870928 871006 871001 871002 871005 

871014 870928 871006 871001 871002 871005 

871014 870928 871006 871001 871002 871005 



I 
I 



I 
I 
I 

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
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7 - RESWLTS OF DUST HOlflTORIlO PROGRAMS 

7.1 - Dustfall Samplimg Results 

7.1.1 - Niagara-on..tfie-Lake (CmI 

'The number of samples success fully •obtalne.d at the Niagara- on- 
the-'Lake site ranged froa, five in June,, July and August to^ two in 
September. tte collector losses in SepteBber were attributed to 
accidental 'damage during preparations for the grape harvest. 'The 
results are shown in Fi,gures G.lCa) to (d) . Levels greater than 
the provincial standard of 7.0' g/n,^/30 d were found at the down- 
wind roadside location on all four months. Upwind and downwind 
levels farther from the road were also close to this value for 
the June through August saaples, but none exceeded 12 g/m^/SO d. 

The nooenclature of "upwind'" and "'dO'wnwind" that was used for 
s,ampler ' initallation is based on the statistical frequency of 
wind direction. Over a relatively short time period such as the 
dustfall smipling interval, the wind may not prevail in these 
directions. The results of this study for Niagara -on- the -Lake 
and some other sites show that the upwind collectors sometimes 
had higher dustfall than those downwind of the road. Because 
this occurred at several sites, it Is dealt with in the smmary 
discussion in Section 7.1.7 

7.1.2 - Hallowall f LJEnosulfoimtoe^ 

The results of the dustfall Bonltoring, shO'Wn in Figure G.2, 
confirm the coniients by local residents that the area is "dusty" . 
A high level of over 50 g/n^/SO d was observed at the downwind 
side of the road, and only about one -third of the eight collec- 
tors up to 32 m from the road showed less than the provincial 
standard (7.0 g/m2/30 d) during the four study months. 
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Levels immadiately downwind of the road were consistently 
highest, but upwind levels were some times higher than the down- 
wind counterpart. i 

7.1.3 - Milton f Indus trial Pasta Qil^ 

Milton was noted by the s,ampling crew as being the least dusty of 
tbt experimental sites. Only one application of oil was nade In 
mid-May. Results are sho'wn In Figure 0.3. The first set of 
results through June foimd less than 3 g/m2/30 d at all s,anpling 
points. Levels were highest In July, with levels at about 22 
g/m2/30 d for the roadside colleetori and falling to about 13 in 
August. In Septeaber, only the two downwind collectors exceeded 
the provincial standard at 10' to 17 g/ii2/30 d. 

7.1.4 - Arnoc^ fCrankcase 011^ 

Dust was well-controlled,, at Jack Lake • and was less than 
12 g/Bi2/30 d throughout the study (Figure 0.4). Levels at the 
collectors were typically about 6 g/n^/3Q d. The 2-ii high upwind 
collector had slightly higher levels than its downwind counter- 
part, but this may have been the result of a clearer exposure. 

7.1. ,5 « 

The results at Coleman are shown, in .Figure G.5. The collectori 

at l.,5-n height showed a definite consistent pattern of dustfall- 
-hlgher on the downwind side and decreasing farther from the 
roadway. The higher collector on the west side was hi,gher each 
m.onth, reaching about 53 g/n^/SO d in July when the other collec- 
tors received 6 to 24 g/m^/SO d. 

The dust was significantly lower in August and September when all 
collectors received less than 11 and 9 g/m^/SO' d respectively. 

Levels .away from the roadside were within the provincial 
standards.. 
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7.1.6 - Blandford-Bli 

The site near Woodstock gave the impression, of being the dustiest 
site, but the lower traffic volune o'n the romd has reduced the 
evidence of this in the dustfall Bonltoring, Dustfall sho^wn In 
Flgmre G.6 decreased froa July through September from the road- 
side high over 32 to less than 8 g/n^/SO d. 

In Jiily,, all eight collectors registered more than the provincial 
standard,, 5 in August and o^nly one In September, 



7.1.7 - 

The geometric means for the dustfall (in g/n'^/SO^ d) are 

J^me Jmj August Septeniber (3 -mo. Av.J 

7.7 
13 . 9 
7.5 
6.5 
5.2 
8,2 



'The final column is calculated for July, August and September for 
which data were available for all sites. Si,nee the months during 
which the study took place are probably the dustiest of the year, 
the inference could be made that the annual average would be 
lower in all cases. 'The absolute magnitude shows that the dust 
generation is relatively well controlled but with little margin. 
This agrees with the perception of local residentg at all sites 
who expressed concern about the problen, but described it only as 
severe during occasioinal episodes. Although It was impossible to 
find untreated sections of otherwise identical road, isolated 
gaps in treatment at comers and intersections were noticed and 
the iner eased generation of dust in those areas was ve^ 
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apparent. Discussions with aany of those, responsible for 
suppressant applieatlon suggested that the applications were made 
to eliMinate public complaints or to reduce them to a reasonable 
level. The results of this nonitoring suggest that the 
provincial standard is well based and that those responsible for 
suppressant application have fotttid a aaintenance program that 
generally meets their objectives, Hallowell Township appears to 
be higher over the 3 -month geometric mean, but this is largely 
due to the significantly higher results of September. 

Within the sites, the variation between individual s.amples 

requires consideration. As stated previously, the s,amplers have 
a desi,giiation of upwind or doimwlnd based on wind statistics. 
The wind rose is not directly convertible into a pollution rose 
however, especially for sapling periods of one month when the 
observed wind direct loi'ns may differ significantly from the long- 
term prevailing wind directions.* The strength of the particulate 
source may vary because wind direction, and strength are eorre- 
lated with weather conditions; that is, winds from a certain 
direction do not contribute if they follow a dust controlling 
shower. Winds from an infrequent direction, may coiitribute 
significantly if they are from a particulate so^urce other than 
the road. The wind affects the strength of the road as a par- 
ticulate source in two ways. First, it acts as a causal agent by 
directly generating wind blo'wn dust. Second, it acts as a trans- 
porting and diluting agent. In this respect it has the reverse 
effect for dust generated by passing ve.hlcles. In still wind 
conditions, the pluae behind the vehicle will be more 
concentrated and will move more slowly past the collectors. 'Thus 
this coBponent of the total dustfall will vary inversely as the 
windspeed and the wind generated component will vary directly. 

Local topography and the presence of any hedgerows, structures or 
the like will have a strong effect on the local deposition 
patterns, particularly during those times when the wind is 
lightest. 
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The combination of all ©if tliese. problematic effects led to the 

'developiieiit of the source strength e3£p©rim©nts using the moving 
■wehlele and the aobile and fixed collectors. The results of 
these studies are essential to the objectives of this study and 
are discussed in the following section. 



7.2 - Vehicular Dust Generation Emeri 



As discussed in Section 4,. 5, a series of controlled experiments was 
designed to evaluate the strength of the road surfaces at the sites as 
sources of particulates. During each of the fo'Ur visits to the six 
sites,, two experimental runs were conducted. Hi- vol samplers were 
stationed on the upwind and downwind sides of the ro^adway and were 
operated through the two runs. -The upwind and downwind hi -vol results, 
and the particle size loadings do'wnwind and at 1 and 3 m in height 
behind the moving vehicle are shown In Figures H.l to H.6 in 
Appendix H. The upwind and do'wnwind hi -vols show in all cases an 
au^entation of the total suspended particulates across the road. 

The collector 3 m above the road behind the vehicle obtained s^ample 
loadings which were mostly very similar to the collector located at the 
downwind hi -vol. 'This confirms that this sampler was generaHy above 
the plume generated by the vehicle. The collector 1 m high behind the 
vehicle received by far the greatest loadings. Visual impressions of 
the sampling procedure also were that the collector was in the strong- 
est part of the plume. Grosswlnd components were seldom very strong so 
the plume was seldom deflected to the side of the sampler, but it is 
recognized that some variations in the results are due to such affects. 
The size distribution for this collector shows that ' It is weighted 
toward the larger particle sizes , as would be expected close to a 
mechanical source. The hi -vol readings oin the do^wnwind side show 
levels of about 200 VLg/m? and less for most experiments, but levels at 
Blandford-Bleitieim (salt brine site) exceeded 1000 ug/m^ in July and 
August. Blandford- Blenheim was also Judged consistently in the visual 
ratings to have the least degree of dust control. 
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The 1 m high collector readings are measures o^f the strength of the 
d.uit source. The eight sets of reiulti from each site were averaged 

and are shown, with the parts in each size range in Figure 7„1„ It 
ihould be emphasized that these results reflect the frequetiey of 
application and road condition and coMposltion in addition to the 
perfomance of the suppressant. Figure 7.2 shows the variation and 
average of the 8 runs, levertheless the oil and CaCl2 would seem to be 
significantly better agents for dust control. 'These results are quite 
consistent with the observations 'Of the field persoinnel. 



SI 



el 



11 
10 H 

i' 
I 

f 
i 

i" 

i-i 

I 



e Strength Comparisons 

liflbD* 1 m QeBador. B Run Arartgii 



BZ 



.^ ^^ ^ 



Annour 



NOTL 



KoflovtO 




Cetcmon gandfe rt-D to nh <hn 



E3 <5u E3 5-10" 



1^ >10u 



SUPPRESSANTS SITE 



Armour 

Milton 

NOTL 

Hallowell 

Coleman 



- Crankcase Oil 

- Mixed Oil 

• Calcium Chloride 

- Lignosulfoinate 

- Tembind 



Blandford-Blenhein - Salt Brine 



Pig. 7.1 



ONTARIO MINISTRY OF ENVIRONMENT 
DUST SUPPRESSANT STUDY 

SOURCE STRENGTH COMPARISONS WITH SIZE DISTRIBUTION 



a 



\ 



o 

V 

m 



Source StreEgth Eanges 



SOOOi 
4000- 

lllflfl . 


TSP Loadings. Mobie ' 


I m Colictor 




•^ 


•! 




Mm 

mm- 


■m 


1 


'4 

i 


f 


iiOi° 


•j 
.J 


1 
f 


!» \ 




i- 


1 T -t 4 1 




-*• 



J. Ill 





! 



! 







I 



LoeiUoE 



8 



<9 

I 



S'UPPRISSMTS SITE 



Milton 
NOTL 

Hallowell 
Colamari 

Blandford-Bleiihein 



- Crankcasa Oil 

- Mixed Oil 

- Calciym Ghloride 

- Llgnosulfoinate 

- Tenblnd 

- Salt Brtoe 



ONTARIO MINISTRY OF ENVIRONMENT 

DUST SUPPRESSANT STUDY 

SOURCE STRENGTH RANGES 



Rg. 7.2 




I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



S - CHEMICAL CHASAGTERIZATION 



65 



8 - CHHflCAL CHARACTmiZATTOif 



8.1 - Suppressants 



Samples of several types of dust suppressants were analyzed by ICP and 

other Bethods for major, minor and trace elenents and specific organic 

components including PGBs . These data are given in Table 9.1. 

In order to gain soB,e perspective Into the significance of the 

concentrations of the various afialytes tested, a comparison is made In 
Table 8,1 of the dust suppressant element concentration to the average 
concentration of that element In the earth's crust. This provides a 
very gross estimation of potential enrichment, as compared to other 
elements in the dust suppressant. A eomparlson is also aade, where 
data is available, with Ontario Ministry of the Enviroinment Eegulation 
309 Schedule 4 Leaehate Quality Criteria. Values given in Table 8.1 
are ten times the Schedule 4 limits (drinking water standards) and 
represent the concentration according to Regulation 309, at which 
registration o^f the material producing the leachate would be required. 
This comparison provides a. gross estimation of the relative environ- 
mental significance of each element. The ten times Schedule 4 limits 
are somewhat more conservative than previous studies (i.e.. Glllham et 
al (1985) used 100 times), however le,gulatlon 309 was not in existence 
atcthat time. In any event, there are no other guidellne.s in existence 
with which to compare these materials. 

8.1.1 - 

Ixcept for Ca, the major cattonlc component of CaCl2 » 35% solu- 
tion, all the other components were found in quantities less than 
average crustal abundance and less than or equal to Schedule 4 

concentrations. The detection limits for Tl and Hg were not low 
enough to allow this comparison to be made. Both elements, 
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hO'Wev©r,, are not ©n-vlroniientally signlfieant at these low 
coneentratlotis , especially In the presence of extreaely high CI 
eoncentratiotis , 

The aaln environmentally significant characteristic of CaCl2 is 
its ©Ktrenely high water soliibllity. This allows it to make 
available to the enviro'nment highly Mobile ions of Ca, Mg, Ma. K 
and Cl„ and possibly SO4. High ionic strength waters resulting 
froa runoff have the potential to cause salt- effect •damage to 
vegetation and increases in salinity of receiving waters, 
including local groundwater. 

Further studies are required to determine the fate of the (low 
concentrations) of heavy aetals associated with the CaCl2. 
Initially, prior to significant dilution, most of the metals 
would forni charged chloride conplexes. With dilution, metals may 
be released in more available form. Mercury for example would 
exist as HgCl^;^" in the 35% CaCl2 solution. With dilution (down 
to pel - 1 M) the predonlnant mercury coiiplex would convert to 
HgCli*. then HgGl2°' (available for uptake by aquatic fauna.) then, 
depending on pH and further dilution, HgOHCl and finally Hg(0H)2° 
(and under very acidic conditions, HgCl+) . Conceivably, the 
amount of dilution required to convert the mercury to the neutral 
chloride complex available for fish uptake could readily occur 
where roadside ditches enter small stre^aas. . 

The theoretical mole percent of Ca In GaCl2 is 36.11%. There- 
fore, In a 35% solution, Ca concentration should be about 12.6% 
or 126,0'00 ng/kg. From Table 8.1, the Ca concentration la 
170,000 mg/kg. 

8.1.2 - Salt Brine 

Table 8.1 depicts analytical data for the salt brine sample 

supplied for this study. tte analysirS shows that this material 

is a Ca-Na salt solution of approxinate cation concentration of 



45,800 mg/kg with a Ca:Na of 1.47 (i.e. Ca is the major cation). 
Except for K, whose concentration is somewhat lower, all 
parameters tested were found in concentrations similar to those 
found for salt brine in the study by Gillham, et al (1985) . 



The chemical analysis indicates that the staple labelled Waste 
Oil D is not representative of a waste oil. This sample contains 
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Assuming CI is the major anion, the theoretical concentration of ■ 

this solution is 6.51 (Ga-Na)Cl||. This is in comparison to CaCl2 

which is typically supplied at a nominal strength of 35Z . fl| 
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The detection limit for Cd Is not sufficiently low to compare 
salt brine Cd concentrations to crustal abundance. However, Cd 

is not likely to be environmentally significant at this __ 

y y B ^ 

concentration in the presence of abundant chloride. All other S 

measured components were found to be below crustal abundance 

except Sr. At 610 mg/kg Sr was almost double crustal abundance. ■ 

This is not considered significant, however since Sr is typically 

>600 mg/kg in carbonate rocks and >1000 mg/kg in feldspars jB 

(crustal abundance data is generally based on Sr-poor granites ' " 

and basalts). Sr commonly substitutes for chemically similar Ca , m 

in the salt crystal lattice because of similar ionic radii l^i 

(G-0.99 A, Sr-1.12 A). 

I 

Like CaCl2, from the analysis presented here, salt brine would 

be expected only to cause ionic strength and other salt related ■ 

effects on the environment. It cannot be predicted what affect 

the release of heavy metals from the solution (with dilution) 

would have downstream of the dust suppressant application area. 

«.1.3 - Road Oils 
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Four road oils, also known as waste oils, and an emulsified oil 
formulation were analyzed for major, minor and trace metals, tri 
and tetrachloroethylene and PCBs (see Table 8.1). H 
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undetectable anioiints of tjrpical waste oil contaminants such as B, 
Cd, Pb , P and Zn. The following discussion will exclude 
reference to this sample , 

The four remaining oils have, for the parameters tested, 
concentrations similar to those found for automobile and 
industrial oils in the study by Glllham et al 1985. These four 
road oils were somewhat concentrated In certain heavy metals . In 
comparing metal concentrations to 10 times MOE Regulation 309 
leachate toxicity limits, two samples exceed this limit for 
barium, three for cadmi\;m, three for chromium, all four for lead 
and one for PCBs. For testing purposes under Regulation 309, the 
oils are considered "leachate' by the MOE. For discussion and 
comparison purposes, this suggests that if these oils were sub- 
mitted for leachate toxicity testing according to the regulation 
all of the samples would fail at least one Schedule 4 criterion. 
In fact three of the samples would qualify as * hazardous' under 
Regulation 309 (i.e., >100 times Schedule 4), because they are 
leachate toxic with respect to Pb, and the fourth one is leachate 
toxic with respect to Cd. One sample found to contain nearly 500 
mg/kg PCB is ten times over the limit of 50 mg/kg which defines a 
'PCB waste material', 

Trichloroethylene and tetrachloroethylene concentrations ranged 
from <1 to 3.1 mg/L and from <1 to about 40 mg/L respectively 
indicating that none of the oils are likely being used as a 
carrier to dispose of these solvents . These trace amounts of TCE 
are too low in concentration to constitute a significant disposal 
path for degreasers. At a concentration of 40 mg/kg (and assiim- 
ing a tank truck carries 10 t of waste oil) this represents about 
268 mL of TCE, that is about 1/4 L of TCE per tank truck load. 



8.1,4 - Sulfite Liquors 
and Emulsions 



The two sulfite liquor type dust suppressants studied here, 
Temblnd and black liquor, and the emulsion Coherex, are innocuous 



I 



10 



In tenns of the inorganic constituents studied. Other than one 
saniple of Coherex containing comparatively elevated concentra- 
tions of nickel and vanadtum, these materials are not likely 
environmentally significant but may be useful in determining the 
origin of the materials used in producing the suppressant. The 
Ni and V in the Coherex are well below average crustal abundance 
and likely fairly strongly organically chelated in this medium. 
Further study is required to determine availability of these 
elements to the natural environment after application. 

In comparing the sulphite liquor type materials to those studied 
by Gillham et al (1985), except for Zn which is slightly higher 
in the black liquor in this study, all other parameters tested in 
common were of similar concentration range. 



8.2 - Surficial Materials 
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Data from the analysis of surficial materials for each road dust 
suppression study area are given in Tables 8.2 to 8.7. Also listed for 
comparison purposes are the Ontario Ministry of the Environment 
contaminant guidelines representing upper limits of normal concentra- iH 
tions of metals (Cd, Gr, Cu, Pb, Nt, Zn, Mn, B and Se) in soil. 
Average crustal abundances are given for Ag, Ba and CI. Background ■ 

PCBs in soil and vegetation will be assumed here to be 0. Metal 
concentrations for upper limits and average crustal abundance are jB 
"total" metals, whereas data presented here are for non-residual metal W 
or cold- acid- soluble metal. Residiial metal does not represent intra- 
molecular silicate lattice bound metals. The difference is largely 
academic since most netals in soils are adsorbed to particulates and 
organic matter, and especially in the case of Southern Ontario 
carbonate based soils, carbonate lattice bound metals are readily 
released by the cold- acid digestion. Therefore, a direct gross 
comparison can be made between these data and the MOE upper limit and 
average crustal concentrations. 
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Metal concent rat Ions; in varioius t3rpes o^f vegetation vary greatly. 
Average vegetation netal contents are given as a ,guide. It is likely 
that differences must exceed 1 or 2 orders of nagnitude to be 
considered sipiif icant . 

8.2.1 - Calclim Chloride 

CHlagara-on-Ae-Lake. Qntario> 

toteatial environaental indicator paraneters for the CaCl2 study 
are the elements Gd, Cr. Cu, Pb, Nl, Ifa, 1, Ba, Zn and CI. It is 

not possible here to separate the effects of CaCl2 as a dust 
suppressant and the effects of road de-icing salt in the various 
compar'tnients s tudled ., 



(a) 



As shown in Table 8. 1, all the elements chosen, for study are 
generally below upper limit or average crust concentration 
for the background soil samples. 

(b) Road Materials 

The road materials contain the selected elements at 
eoncentrations at or below the concentrations found in the 
backgro'tind soils, except for CI. CI is concentrated in the 
surface 10^ em of road material to about ten times background 
but reduces to two to three times background in the lower 10 
- 20 en. The CI Is likely retained in the road material as 
salts of Ca and Mg, a direct result of road dust suppressant 
and road de-icing salt application. 

(c) Ditch Materials 

Ditch soils, which are receptors of flow from the road 

surface, are at or below background soil concentration for 
each element tested except for one sample (from a suite of 
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3) for CI. This single s,aiiple was abO'Ut two times more 
eoncentrated in, €1 than the background soil, 

Th,e data indieates generally that CI i,s no^t being retained 
by the ditch so'lls. This is likely a result of chloride's 
extreme mo'btllty resulting from its so'lubllity in 
association with "Ca and Na. Therefore, virtually all of the 
CI flowing off the road surface reBalns in solution and is 
washed out of the system,,, ending up in local streams or 
gro'un,dwater ., 

In poorly drained areas, such as pooled portions of ditches, 
evaporation would cause residual CI to precipitate as a salt 
and deposit in the ditch sO'lls. 

(d) Veeetacion 

The roadside vegetation, does not appear to be influenced by 

GaGl2 application. 

8.2.2 - Salt Brine 

(Blandford-Blenheiai'i 

Potential environii:ental indicator paraaeters for the salt brine 
study area are the elements Cd, Cr, Gu„ Pb„ Nl, ,Mn, B„ Zn and CI. 

It is not posiible here to separate the effects of CaCl2 as a 

dust suppressant and the effects of road de-icing salt in the 

various coapartments studied. 

(a) Background 

All the eleaents chosen ,for study are below the MOE upper 
limit or average crustal concentration for the background 

soil samples. 
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(b) Road Materials 

The road materials have eleiiental eonceiitrations similar to 
or b©low backgro'Und except for slightly elevated coTncentra- 
tlons of Mn and order of magnitude elevation oif Gl. This 
accimulatlon of CI, aiid possibly to a certain extent ,Mn,, is 
dire€.tly related to salt brine or de-icing salt application. 
The CI la most eoncentrated in the tipper 10 cm of road and 
nearby approaches backgroimd at the 10 - 20 cm horizon. 

(e) Ditch Materials 

The elements CI and Mn are elevated in concentration rela- 
tive to the background soils; CI by a factor of up to 2„ and 

In by a factor of 3. This is likely an artifact of runoff 
from the road materials. 

(d) Vegetation 

'The only obvious anonaly in roadside vegetation content is 
CI, The vegetation is enriched up to almost 2 times in CI 

(above upper limit of normal concentration) , likely a direct 
result of the use of salt brine on the road. 



8.2.3 - Industrial Waste Oil 
CMilton. Ontariol 



Potential envlro^nmental indicator parameters for this road oil 
study' area are Cd, Cr, Gu, Pb, Ni, Zn, Mn, M and PCBs ., 

(a) Background 

All the elements tested in the background soil were present 
in concentrations less than upper limits for normal 
concentration in soils. PCBs were not found at a detection 
limit of 0.02 mg/kg. 
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(b) Road Matarlal 

The road aaterlals were not enriched in any of the. 
par.aiieters: tested, with reepect to background soils,. 

(c) Ditch Materials 

The ditch materials were not enriched in any of the 
paraneters tested, with respect to the background soils. 



(d) ¥eg6tatlon 

In coniparison with upper limit of normal vegetation element 
concentrations the roadside vegetation was, enriched in Gd„ 
Cu, Pb and ,Mn,. This enrichment Is not considered signifi- 
cant since the values fotmd here (Table 8.4) are still near 
typical vegetation in, concentration of these elements. 

8.2.4 - Grankcase ¥as;te Oil 
■ Ontarlol 



fotentlal environmental indicator parameters for this road oil 
study area are Cd, Cr, Cu, Pb, Nl, Zn, Mn, B and PCBs. 

(a) Backgromid 

All the elements tested In the background soil were present 
in concentrations less than upper limits for no'rmal 
concentrations In soils. PCBs were not found at a detection 
limit of 0.02 mg/kg. 

(b) Road Materials 

Hone of the target compounds in the road material,! were 
found, to be elevated, to concentrations over background, 
solLs,, except Cu, a,nd PCBs. It was previously stated, that 
the road oil supplier for this site had experienced PCB 
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co'iitamin,ation pro'blens with their product. This 
contamination may be related to the presence of PCBs In the 
road surfaeing materials. The road surface (0 - 10 cm) 
contained up to 1.3 mg/kg PCBs. 

(c) Ditch Materials 

Except for a slight elevation of the concentration of Cu and 

Mn In ditch materials , no other parfflieters are enriched over 
backgroimd soils lii the ditches. 'The cause of the slight 
elevations of the concentrations of Gu and Mn has not been 

detenttlned. 

(d) Vegetation 

The roadside vegetation appears to be affected by the road, 
oil in terms of to and PCBs. Three s,aaples of vegetation 
were analyzed for PGB'S and have concentrations of <0,0i2, 
0,09 and 0.30 mg/kg. Uptake of PCBs can be derived from 
three mechanisms 

- direct deposition 'by overspray or atmospheric deposition 
* direct runoff of excess oil onto the vegetation 

- by migration O'f PCBs from the road surface via aqueous 
media. 

The slight elevation of ,Mn, in the roadside vegetation is not 
considered significant as It is still below the typical Mn 
content of vegetation,. 



8.2.5 - Llgnosulfonate 

fHallowell Township. Ontario ) 



Potential enviro^nmental indicator paraneters for this suppreasant 
are Cd, Cr, Cu„ Pb, Ni, Zn, Mn, B, Ba, Se and Ag. 
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(a) Background 

All the elements tested in the background soil were present 
In concentrations less than the MOE upper limits for normal 
concentrations, or near average cnistal abundance, with the 
exception of Se. 

(b) Road Materials 

Eoad materials have elemental concentrations the s^e as or 
less than background so^lls, except for Ag. This Is slightly 
enriched in the road material. This difference may be the 
result of gross differences in road material source, area to 
the background soils. 

(c) Ditch Materials 

The ditch materials, compared with background soils, are 
enriched in Pb , likely a result of automobile exhaust 
emissions. Both ditch materials and backgroi:uid soils were 
also enriched in Se. The ditch materials may be providing 
better adsorption conditions for Se, in the form of fine 
particulates or organic matter. The Se is not likely the 
result of lignosulfonate applications. Black liquor Se 
^ concentration was <5 mg/L. 

(d) Vegetation 

Compared to vegetation analyzed from the Coleman site, the 

vegetation found here is about an order of magnitude more 
concentrated in Se. It is also more than an order of 
magnitude above normal upper limits. This is likely an 
artifact of the soil conditions described above. The vege- 
tation element content for the tests performed does not 
appear to be influenced by the application of lignosulfonate 
to the road. 
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8.2.6 - Tei^ind 

ifCoilantaii. 'Ontario'^ 



Pote'ntlal eiivirorai,en,tal indicator parameters for the Tembind 
study area are Gd, Cr, Cu, Pb, Nl, Se, Ag, Zn and !fa. 

(a) Backgroimd 

All elenents tested were below upper limits, of noriial 
eoTncentration in soils except Se and Ag which were slightly 

elevated in the backgroimd soils, likely a result o-f local 
mineralization. There are nimerous silver mines in the area 
and seleniuni. is present in may silver ore,i. 

(b) Road Material 



All the elements studies have cone en tr at Ions in -the road 
materials gimilar to background soils except Mn. 'This is 
about four times more concentrated in the road materials. 
Of the trace metals analyzed in both the road material and 
in the supplied Tenibind saaple, Mn is the only one with a 
concentration higher than the analytical detection limit. 
'There is Insufficient evidence to conclude that the Mn in 
the road materials Is a result of Tembind application. 

(c) Ditch Materials 

Th,e same phenomenon occurs for the ditch materials as for 
"the road materials in terms of Mn enrichjient, Pb is also 

slightly enriched in the ditch materials, likely a result of 
automobile exhaust emissions. 

(d) Vegetation 

For the eleiients tes'ted,, the vegetation did not appear to be 
Influenced by the Tembind dust suppressant. 
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8.3 - Impacts and Concems 

8.3.1 - Chloride Type Suppressants 

The use of CaCl2 or salt brine appears to have no deleterious 
effects on the environment except to raise roadside vegetation CI 

concentrations. This effect is minor. 

8.3.2 - Road Oils 

PGB-free road oils appear to have no deleterious effects on the 
environment. Road oils containing PCBs cause accumulation of 
PCBs in the road surface and in roadside vegetation. Although 
not shown in this study, accumulation of PCBs could occur in 
roadside ditch soils. 

8.3.3 - Lipnosulfonates ' * 

Neither the Coleman nor Hallowell sites revealed any significant 
impacts nor concems . 
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9 - SmWEI OF APPLIGATIOlf PRACTICES 



9.1 - Survey of Ro.a.d Autho^rltieg 

'The six, participating road authorltiei were each sent a survey foTm as 
shown in Appendix I. lesponses were received from Milton, NOTL, 
Hallowell, CQlaMan and Blandford-llenhain. We were unable to obtain a 
respoinse from Ajniour township iia time for inclmsioii into the report. 
Infcmation pertaining to costiiig and application raties was obtained 
from the township's oiling contractor for 1987. 



9.2 - Sm^ev Results 

Each township tends toi favor the dust suppressant used in their respec- 
tive to'wnship. Responses saem tO' be biased' to reflect these tenden- 
cies. Mo'St criticisms about suppressants came from townships not using 
that particular suppressant. 

Milton, Hallowell and Coleman all reported side benefits associated 
with the suppressants used in their toiwnships , A reduction in road 
maintenanca was noted by each. Milton and Hallowell both reported a 
50Z reduction in grading frequency. 

All the tO'Wnshlps but Hallowell rely on contractors to supply and apply 
the- dust suppressants. Hallowell uses its own trucks and perso'^el for 
application. The proximity to the supplier (Domtar) , and the fact the 
li,piosulfonate is free, makes this practice practical. This situation 
is unique to areas where the pulping liquor is available. 'The ratio of 
machinery use for dust suppresaant application versus other use is 
apprO'Xlmatiely 28%. While not applying dust iuppressaots , the machinery 
and labor are used for other maintenance duties all of the time. This 
allows the township to operate their own dust suppress.ant application 
with minimal overhead. 
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There is a mixed respo^nse pertaining to how and why the suppresaant was 
eho^seti for each to'wnship . Two of the tO'Wnships (Hallowell and Coleman) 
relied on council to choose the suppressant while NOTL arid Blandford- 
Blenheim relied on the town, or road superintendent. Hilton did not 
indicate the par'ty responsible for choosing their dust suppressant. 
Blandf ord-BleriheiM and Milton chose the dus/t suppressant prlnarlly 
based on cost while Hallowell ' and Cole.nan Indieated .an evaluation 
process was used based on perfornance. HQiTL chose CaCl2 beeause it is 
easy to. us© and they fsurad there were Balntenance savings caused by its 
use. 

The final section of the survey requested an evaluation of 8 different 
dust suppressants from each of the townships. All the tO'wnships „ with 
the exception of NOTL, indicated that Ga€l2 was too expensive. _ The 
to'wnships' concerns with road oil were based on environnental problems. 
NOTL and Hallowell also reported that road oiling can cause dangerous: , 
slippery road Gonditio'ns and extra road 'maintananca . Eo^ad aaintenance 
problems listed included grading and pothole patehing (cold patehing) . 
It Is interes.ting that although these tO'iroships believe there are 
grading problems, Milton reports a 50'X decrease in grading require- 
ments caused by use of road oil. 

Only 'two townships responded to the pulping liquor section. Milton did 

not favor it because of poor performance and strong odor. Hallowell, 

which uses pulping liquor, responded favorably to the dust suppressant. 
'Th;ey are satisfied with its performance, eost and its environttental 
effects. The lack in response© could be due to the avallablll'ty of 

pulping liquor and the proximity of the townships to a source. 



Two tO'OTishlps co^ented on the use of Temblnd. Hilton tried a test 
seetlon in 1984 and found its perfornance to be unsatisfactory while 
Coleman was satisfied with Its perfo'niance and its cost. Salt brine 
had two responses also. Milton was not pleased with the performance of 
the suppressant. llandford-Blenheim reported low cost and no 
environmental effects. Again,, the lack in ras:pO'ns.e could be due to 
proxinl'ty to the source . Salt brine is used ■mainly near the source . 
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Ho townships offered any coiiii,eiits on. Bond- All or Coherex. All were 

tmfanlllar with these products. 



9.3 - Conparative Costs o f Suppressants 

Co'iiparative costs were calemlated based on contractor f ©as , applicatiO'Ti 
rates, equipii,ent and maintenance costs and labor ciosts to the 
Township,!. Costs were derived in dollars per kilometer per year for a 
16-ft (4.9 m) width of road applied,. The, figures used were, the actual 

costs to townships inciirred during 1987 obtained ,from the respect,ivi, 

townships involved in the study. 

'These coats do not accoynt for extra savings or costs due, to the use, of 
the various suppressants. For example, Miltom reports reduction of 

grading from twice a year to one grading per year. Yet additional 
costs p,re Incurred due to the incre„ase,d nalntenance of potholes caused 
by ro,ad oiling. Coleman and Hallowell both report less grading and 

lower maintenance fees caus,ed by the use of their rtspective dust 
suppressants . 

'The costs for Milton, NO'TL, Coleman,,, Blandford-,Blenhei,m, and A:rmour were 
derived from, the contractors' fees and the frequency of application 

during 1987. Hallowell was the only town,ship that .applied its O'wn dust 

suppressant. c. 

Co,sts for Hallowell were derived from equipment, labor, fuel and main- 
tenance costs . Equipment and maintenance, costs reflect the ratio of 

tiaie the equipment was used for suppressant application. This ratio 
turned out to be appro'Ximately 28Z . 'The costs do ' not account for 
management costs, various overhea.d costs or contractor profits. Also, 
the ,availability of the pulping liquor is dependent on proximity to the 
source. This builds in a variability to the cost conparison which is 
dependent on availability and shipping costs of the suppressant. 
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'The. figures are shown in Table 9.1. This table contains the applied 
cost ©'f each. suppres.s.ant ., the application rate, the aimual application 
rate, the coaparative coasts O'ver .a year and the noirmalliied co'mp'arative 
costs. 

The applied rate is the cost per litre to apply the suppressant. 'The 

.application rate indicates the .amoimt of suppress.ant uged (liters) per 
kilometer of road o-ver a IS-ft width. 'The yearly application rate is 
the .MiO'Unt of .suppressant 'used (liters) per kiloneter of ro^ad (16 ft 

wide) for one ye.ar. Comparat.ive costs reflect the amounts spent by 
each township for 1 km of road (16 ft wide) foir the ye.ar. The 
no'rm.ali2ed conparatlve costs are the comparative costs normalized using 
a performance factor derived from the study. The comparative .and 
normalized class transportation cost colmms contain the respective 
figures from which the transportation, cost has been eLtminated. 

The applied costs varied greatly ranging from $0'..3'7/L for CaC12 to 
$0.0'04/L for the 'Domtar pulping liquor. Application rates were the 
actual rates 'used by the township. These rates varied froii 1614 L/tai 
In NO'TL. -to 9,942 L/ta .in Blandford- Blenheim. The.ie rates are not 
conparabl.e. because there is no indication of perfo^wnce built in. The 
yearly application rate gives a better comparison of amo'un.ts since this 
gives an indication of the performance 'b.ased on the anoun.t used in one 
season. Eallowell applied 99 , .500 L/km of pulping liquor for the year. 
This figure is approximately one order of magnitude higher than the 
next closest which is Blandford-Blenhelm at 9,942 L/ta. The lowest 
amount w.a.s CaCl2 in NOTL,. 

'Th.e yearly application rate gives a partial Indication of the 
perform.ance of the suppress.a.nts. It is assimied that the yearly 
.application rate is chosen partly on the basis of public complaints.. 
This can vary greatly between to^wnships and will affect' the extent to 
which. town.sh.ips will attempt to control the dus;t problems. Using the 
applic..atien. rate as the performane© indicator, the ra.nki.ng of 



I 



mm mmtmmm m wbi mm^imm 









Will l^'Ni 






%%mLlm .|ii»IJ,«a,tlon Cmmtm i%6'wimM\ 


_ .. IM 4hiI1wI IIS'' irl'dtbl 




PbiraallE'Sd Comtm 




%PU.« 


Ma^btuGa 


Ir«a. 


Lmb Ir«B. 


A|ivUealLliia 


ttmm. 


T*»l 


!L«aa Tcna. 


AfpUcatl^ # eC " Skwa.. 


fetal 


Lmmm Irwa. 


Total Laaa Triaoa 


I'^TI'llt 




c«it... 


Bblm^ill 


^t 


'P-t 


Bat* 


Vm%^ 


Co-La 


CisBta 


Wmtm «iMi|. Coaltf 


poali 


iCtMta 


j«/K/yaar| f9/K/fMK,| 






fi/Li 


«l 


ii/i..i 


li/Li 


CL/K.I 


lt/«l 


IS/11 


IS/KI 


(L/K/»Mc} l/yMvl |S/E/7*u| 


mmiw^i 


ii/K/»<.arJ 


MOO. 


Caisiun Chlorld* 


t.a?o 


MO 


t.04» 


«.3» 


Itl4 


as 


§03 


3*0 


32:2« 1 I2t 


1.209 


l.iBO 


lot e? 


Mlltara 


lnto«tlti«l Oil 


e.i7s 


30 


O.MI 


• .i:m 


gfili 


m 


J.181 


1,155 


eeiO 1 26 


1. 1»l 


I.ISS 


S0 Si 


U'altoHall 


ibl|i||lS Liquor 


It.ttQ'l 


4S 


0.M4I 


i.iOl 


««•! 


m 


le 


3 


O'lSOa Spottiitt. 332 


♦11 


lit 


233 '63 


AcBaui 


Cranke*a« Oil 


t.. 163 


as 


S.OOI 


0,1 ss 


MM 


w 


flit 


•IS 


sesi :i, 31 


033 


m% 


% 8 


'Calanan 


Tflo^ini 


o.aei 


lOi 


gjOlt 


i.tss 


XtJt 


n 


lis 


I3i< 


tm I n 


ISS 


130 


100 S6 


■landrerd-ilanlialiia 


Salt Bri.n« 


'O.ffllt 





0.M0 


S.OM 


mm 


Q 


IIS 


las 


B042 ;i m 


IIS 


tii 


186 IH 



90 



suppressants would be Tembind, calctmi chlo'ride,, erankcase oil, mixe4 
Industrial oils, salt brine and pulping liquor. 

The comparative costs give one indication of the value the to^wnship 
received for using the particular suppressant. Again,, these costs are 
assumed to reflect the cost for contro'lling dust based on public 
co^aplalnts ., That is, these costs can be cO'Bpared directly imder the 
assumption that t^m road authorities are just applying sufficient 
suppressants to meet the public expectation of control. The ranking by 
value In this case is salt brine and Tembind, pulping liquor, erankcase 
oil, industrial oils, and calcium chloride. 

Another more objective Indication of value is found by a cost 
coiiparison weighing the costs using a performance indication ratio. As 
an adjus.tnent, the ratio of dust at 1 m behind the moving vehicle 
(average of 8 runs) to the comparable salt brine figure (i.e. greatest 
dus;t) has been used., 'These results indicate relative costs according 
to the performance of the suppre,ssant,s . Both erankcase and industrial 
©11 have the best cost versus perfomanee fl,gures with values of $9 ,and 
|59 respectively. Tembind and GaCl,2 were ranked next at $10'0 and $108, 
Salt brine followed at $186 and pulping liquor was last at $235. The 
pulping liquor results may be misleading since most of 'thm suppressant 
application, was spotting in ,front of hous:es. Th,is could give it a 
lower performance, rating and thereby bias it to appear more costly than 
it actually is. The perfom,ance indicators 'used are all relative to 
,salt brine which had, the worst performance during the study. 

,Finally, it is necessary to acco'unt for the effect of transportation 
costs in the overall costs . Because most of the suppressants are 
applied by contractors, these costs are subject to a large relative 
■uncertainty. 

To eliminate variability due to transportation expenses the costs have 
also been derived subcontraeting the transportation costs from the 
total. An estimated tra,n,sportation cost of $0 . 0'8/ton/ta was caleulated 
which for the most part reduced the total costs slightly. The ranking 
remained the s^ame however, with the exeeption of pulping liquor for 
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which transportatioii cO'Sts represent the majority of expetises associ- 
ated with the application. Approximate ly 73%. of the total costs arise 
from the shipping to pulping liquo'r. 'This causes, a major change in the 
relative ranking of pulping liqu.o.r causing it to move up to third from 
la.st.. The O'Verall ranking of supprei:s.ant.s when conparing the 
norm.alised tot.al costs (less transport costs) is crankcase oil, 
industrial oils,, pulping liquor, tembind, CaCl2 and s.alt brine. 

It ■us:t be. €apha.si2ed that there is enough ■un.certa.inty in these fl,giires 
that generalization to all roads- soil types, grading practices,, etc.. 
could be misleading. 'The adjustmenti based on the mobile sampler agree 
very well with visual rankings of the dus.t generation for the roads., 
HO'Weve.r„ the additional nuLsance factor of oily dust .and the 
■"environmental'" costs of the supp.res.s.ants cannot be taken into account 
here. 
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10 - COHCIUSIOIfS MB RECOt^gmATIONS 



At the beginning of this project it was recognized that there was some 
doij^'t as to^ whether the continued use of waste oils as dust suppras- 
s.aiits would be permitted. 'These su^plcioms eo:mbdned with the chemical 
testing now required for oil intended for this use, have led some oil 
suppliers to declare their intentiO'ns to discontinue dtis.t suppression 
within 'the year. Certainly the banning of waste oils for th,is use in 
several U.S., states and some provinces has raised 'the level of concern 
as stated' by the suppliers,, users, and the Ministry. 'The results of 
this study illustrate the problems of us.ed oils. One supplier 
furnished (after several Eequesta) a s^ample of oil which was abnormally 
free of iapurl.ties and thus unlikely to be 'typical. Another willingly, 
and 'urfcnowingly supplied a s.^ple containing almost 500 ppm of PCBs . 
In the latter case the supplier, upon receiving results from their 
testing laboratory,, sealed the tank before distribution. 'The results 
of the first 'twO' independent tests that resulted in the oil originally 
being released for distribution were negated by later tests. 'IJhether 
the original tests were in error, or the PCBs. were bo^und to a separated 
sludge, or for whatever reason, the incident denonstrates the potential 
for things to simply go wrong. Oil is a highly variable waste and the. 
results of this study show that diligent testing and monitoring are 
required if the end use results In release tO' the envirO'nment .. 

The performance of oil as a dust suppressant is eseellent. Dust 
generation at bO'th sites investigated was well controlled throughout 
the s'tudy. However,, it ihould be noted that envlro'nmental perceptions 
go beyond the absolute levels of dust. It was suggested in earlier 
sections that the individual road authorities may have arrived at an 
application regime that balances control costs with the level of 
control expected by the affected residents. Within this reference 
frame, it may be hypothesizad that the oiled roads need to be better 
controlled because the dust from the oiled roads is inherently more 
noxio'us, or is perceived to^ be more noxious, than 'the dust from other 
roads. The s^ipling te.,ams also made co'iments during this project which 
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support the view that the other roads are percelvad as •dusty'' but the 
oiled ro^a'ds were "dirty". The differenee to the residents may be 
greater than that due to soiling potential and may be becoalng greater 
as the getieral awareness of the population of trace level contaminant 
issues rises. 

'The spent pulping liquor In Hallowell Is also a waste, and is 
reco'gnised by the local residents to be a waste. However, those 
persons spoken with during the field studies were generally of the 
opinion that the s^A stance was iimocuo'us. 'This view, plus the fact 
that the liquor Is free at the Trenton plant are key reasons for Its 
use. The perfomance Is relatively good, considering that it is a 
readily soluble substance on a porous soil, A good level of 
performance requires frequent application (several times weekly), and 
.the cost-effectiveness would be very sensitive to changes in transpor- 
tation costs. 

Calciim' chloride offers a -level of control apfroaching that of oil but 
with a Much reduced, risk O'f environBental contan,ination and greater 
costs.: 

'The choice of suppressant In any given area should include three main 
criteria - cost, ■effectiveness, and envlroimental iinpacts. Enviroiment 
in this case includes some concern about the aesthetics as well as the 

potential cont^tnants .. 

The risks of adverse contailnatlon from waste oil caimot be estliiated 
fro« the small nuaber of s^Bples available here. An, intensive survey 
of the quality of oil in all waste pathways would be required to .make a 
full assessnent.. Such a survey would also yield valuable evidence on 
the value of voluiita:ry self -aoni Coring. As a corollary, the sites 
studied here represent a tiny fraction of the treated roads In the 
province .and it would be useful to prepare an, assess:m.ent of the state 
of contamination, of a more representative ■ s.aiiple ' of Ontario's roiads. 
Such a study might adopt a. standard set of .indicator paraaeteri with 
samples to be obtained by local MOE personnel. 
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Where a high degree of dust Goii,trO'l is required, it can be pro^vided by 
calclim chloride or waste oil. The- user mist decide if the greater 
risks of eo'iitaminatio'n and associated problenis are acceptable for the 
lower cost of the oil. It is recoimended that MOE enforce testing 
procedures to miniiiii,e this risk but ens^ure that us^ers are aware of the 
portential for significant .and costly iHpaets., Other materials inves- 
tigated in this study are likely to be attractive only locally because 
of their reduced effectiveness and higher sensitivity to transport 
CQ'Sts. Enviro'OBental iapacts are not likely to pose cons.traints for 
tliese sub'Stances . Local opportunitiei (nearby supply) and policies are 
what determines the choice of suppressants In current use. 

fhe purposes of this study did not Include a detailed survey of 
policies and practices throughout the province, but it did becone 
apparent during the selection of the study sites that there was great 
variation throughout the province. This study has contributed to the 
information base and further research will help establish the 
guidelines and procedural assistance required to make the most cO'St- 
effecttve and envirO'iinentally compatible choices. 
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Saskatchewan Envir'Onin.ent 

Gyidelints for the Use of Waste PetrQliyni 
Products for Oust Suppression 

1. ApplicatiO'ii In areas with sensitive' land, use should be avoi'did 
( i .. e . t near re c re it 1 o na 1 a r tas , spec 1 a 1 ty crops , etc . ) . 

2. AppVi cation In areas with light textured soil should be avoided. 
3.. Application within 100 metres of surface water should be avoided. 

4. AppllcatlO'n within 50 metres of a private or community well should 
.be avoided, ''' 

5. Application to areas where depth to ground water is less than 
5 metres should be avoided. ' . 

6. Appli cation rates should not exceed 1.0 litres per square metre. 

7. If puddles form they should be filled with graveil or other 
s u 1 1 ab 1 e road mate ri a 1 . 

8. If aopl """cation is carried out in an area where surface drainage 
enters a nearby water body or watercourse, and a rainfall event 
occurs within 5 days subsequent to aopli cation, water samples 
should be taken and analyzed for phenols. 

9. Used motor oil should not be applied due to high concentrations of 
contami nants , incl uding heavy metal s . 

DJC/mf 
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S a s k a t c he wan E nu ir Q'nm,en t 



Information Required for Co-nsi deration of a Propose d Dust Suppression Project 

1. Site of proposed project (include LSD of start and end of roadway). 

2 . Owne rs h 1 p o f roadway (public or o t n e rv-/ 1 s i ) . 

3. Length of roadway. 

4. Soil type (sand, silt. clay). 

5. Average depth to ground wttir, 

6. Land use adjacent to the roadway.. 

7. Does surface drainage from the site enter any water bodies, 
(I.e., slo^ughs, ponds, lakes, dugouts)! If yes specify size, 
location and use. 

S. D'OiS surface drainage from the site enter any water courses 
(I.e.., coulee, creek, stream, river)? If yes give names of 
■" water courses if available. 

9. Are there any knoiwn water wells within 100^ metres of the roadway? 
If yes specify LSD, distance from roadway and depth to ground water. 

10. Type of dust suppressant to bt used and supplier, 
n. Estimated volume of suppressant to be. applied. 

12. D'escribe any precautions planned to prevent runoff of the suppressant 
onto adjacent land. 

13. Have dust suooression projects been carried out in previoys years at 
this site? Any complaints or problems encountered? 

In all cases olease provide a sketch of the area showing distances to groynd 
water wells, surface water bodies, and the significant surface drainage network 
within IQiQ metres of the roadway (eg., coulees, ditches)., 

82/06714 
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PRODUCT SELECTION CHART, (uMA Engineering, 1987 
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Notes 



9 GOOD 
Q FAIt 

Q pool 



Dust palliative 
performance 



1. May leach out in heavy rain. 

2. Subgiada nIII miM Nith syrfaoe material and linpaot on the quantity of 
fines. 

3. fiiiy becone slippery in net Heather. 

4. Otfficult to coat all particles and prevent "dust pocl<ets." 

5. All products listed iiny have an advei se efivironinental iinpact if used 
jiiiproper 1y . 

6. liai^d surfiice cru^t proiiiotes potholes and breakup under heavy traffic. 
1. May requirfc higher or more frequent application rites (especially with 

hiyh truck vci1uines|. 
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APPENDIX C2 



PERFQiRMANCE LIMITATIONS OF COMMON DUST SUPPRESS.WIfS fUMIk Etigineering , 1987) 



pysf Syppr^se nt 



ClllWfllC imifATIhOHS 



SURFACE Gm¥EL CWSIPERAIIOHS 



COMf-CMrS 



Pdill'^ussCieiil «nd Hfdrascoiplc 
Cihoimical s 

Calelyii ChJlo-ildai 
Matnasluoi Ch lor 1 4a 
Matiursl Brinss 



Losiii. #11 act I weniiss In drf parloils 
H I till loM hunldlty. Laac/liadl Iroa 
roadi In .lieavy rain. 



Not racomnonilod: In turlaoi c»»uriOiS 
with IIOiM ||n«s» Racomiuiidad 10 - 

2Qt llAQiS. 



CalciuMi clhlorl'fhi' most p'qpular iprodiic|» 
Surfiico cmm ba rablsdsd under aoifrt' 
ConidillciiiSt May bacoitna sllpipary 
liii wet wisalhar uilh hlfh fl'nos contant 
In surla^ <|rs¥»ls* 



Qriaftlc tlon-iltiywlnotts •Blndarf 

Calcl'Uiti L Ignosul tonaits 
Sod luJK L 1 gnosy I f onalo 

Amocm I uit IL Igirtosu I l^oniii la 



Lonf dry pmrio4 with Ion humidity 

doas Milt alfecl prondiuct* Laachad 

ifroHi road fin hoavy rain II nol 
:suilllcl»iitly cured. Leachlag r«- 
dlycflid with liangtb of curing and msa. 



Bast par l<Dr<niaAC# Mith higli syr tacit 
llifias 110' - mi) and de<ns« conipaicl 
suriaea Hitii no loosa graval. 



ianara 1 1 y I ns f f ac 1 1 vs I f sur f aca 

c«iirs« |iQM In llnai and looso graval 
on surfaca. Olfllcult to ■nalnlaln 
as herd tur'faca, but can ba dons 
under aidaiqiuata iriqII i tura condl 1 1 ons . 
May ba edvanfagoQus to apply two 
apipllcatlons* Hay bacoima tllppery In 
Mat weather with hlgli flnat content 
I Hi surf SCO gravail. 



F'laitrotfliuai. BjiiSf,J .iP'roduic.t.s 



iunk'sr 01 1 '- 

Atpihalt Prlifiar 
Emislflfld Asphalt 



Geneirally •flectlvia ragardlass oi| 
climatic condl I Ions. May po|ihol« 
In wet MiaalihiMT'a 



Bast por f urinancfi noled wltih lower' 
suriaea i'lnas ocntant '19 - I'Ofl 



llardenad crust iRiiakas road surfaca 
dllflcult to< nalnlalin and reblade. 
Pothollngi an4 surfaca ravel ling 
requires ■alntananca^ " Hardanlng of 
S'urfaca varlas with type o^l prQ<dii.c|. 
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APPENDIX C3 



APPLICATION RATES AND FREQUENCY . (UHA Engineering, 1987) 





IRAfFIC VOLU»€ lAOTI 








! 4100 


100 - J50 


»I90 








Ruts L/» 


Olliitlon 
■llh HO 


Appllcationt 
Par »««■ 


R«t> L/a' 


Oil Mt Ion 
itltti HO 


App licet lont 
P«r V«M- 


RAt* i/M 


Dilution 
Mlth HO 


Applications 
Par laar 


lAltUI 


Subtaqaunl 


InltUI 


Sub$«i|uaiit 


UltUI 


$llt>»«<|U«ltl 












1 ; 


r j 














Calclim 
Culorldtt 


1.0-1. a 


O.S-9.6 


(At»iiiM( 

nt 'Soi*ni 


1 


1.2-1.5 


0.6-1.0 


N/A 

lA'tBUHKOS 

Ki Sol'nl 


1 


1.5-l.t 


I.O-I.J 


lAsftunat 
iH Sal'fi» 


1-2 


Magnsslua 
Chtorlda 


1.9 


o.a 


MS Sol*n 


• 


I.S-2.6 


1.0 


N/A 

|Aatu«#t 
lOl Sol'nl 


1 


3.0 


l.» 


901 Sol*K 


1-2 


LlgiK>- 

tullondlat 


0.9-I.I 


0.I-0.9 


III 


i 


1.0- I.S 


0.1-0.9 


111 


. 


I.S- 1.6 


0,9-1.1 


III 


1-1 



A.O.F. - Avaraga Dally fralHc 



> 
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4ff:MDIX D 
WASTE OIL DATA 



AFFBIDIX Dl 



INOlgANlC CONiTITiailiTS 
OF WASTE OILS 



Ba 

i« 
B 

Cd 
Ca 

Cr 
Cu 

Pb 

Mg 

Mtt 

«k3 

Hi 

? 

S« 

3i 

A« 

H-a. 

SO* 

s 
u 

V 



espcmtration Cm«,/L) 



0.4 


. aoo 


Si 


9 


- lOii 


51 


<0'.01 


- 2.4 


12 


3 


- 201 


2 


O.OS 


- 2.3 


IS 


270 


- 3 iSS 


52,' 


Oi.QiS 


- so 


m 


5 


- 34a 


57 


40 


- 200IOI 


59 


<10 


- 21 700 


Si 


8 


- ISOO 


36 


1 


- 60 


38 


1.4 


- 30 


a 





- 50 


4g 


too 


- 2,000 


13 


<0 . 3 


- <l 


2 


s 


- 530 


45 


0.01 


- <10 


5 


a 


- 610 


n 


Oi 


- 30 


3 


- 


- 


- 


3361 


- 432.5 


10- 


Q 


- 112 


18 


<0.1 


- 30 


4 


<0 . 07 


- 140 


27 


<1Q| 


- 3 000 


1053 



Used Ind:astoi.al Qi.ls^ 



Hasten Oills;^ 



2 - 3e 

5 - 22fii 



1 - 31 


2 


3 - lliOi 


2 


1 - 200 


2 


- 1400 


2 


- 1000 


2 


1 - 124 


2 


• IS 


2 


- 27 


2 


- 


- 


,. 


,. 


1 - S3 


2 


0-0.1 


2 


1 - 370 


2 



1 40 2 

0-7 2 

0-25 2 

6 - 1100 2 



m.. at. Smml.a, 



0.13 - ,13,0 22 

0.25 - 2.2 22 

<0.5 - 90 22 

<S.0 - 2000 22 

8.0 - 3SQ0 ,22 

11 - 430 22 

O.li - S.3 ,22, 



<0,5 - 1200 22 



G,i,]LUian .et al (ISaSi) smBaslsad i«lba tx^m ^m lail,ei«toi 
Whiinm «t al. , 1874, fteidQlph,, M.J. lil'S 
aj^mr, D'.J.,, 1374, Can, ,Am, Oil SBrrt,ei»a 
Bail, ,J.D.„ 1176, FfcmULla Aasoeiataa 

Ineludas data tstm S^raoMt tt, «1,,,, 1183 

■\ove &. Asieeiafcas li79. 
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APP.ENDIX D:2 



SmMARY OF mmSIC MALYBES or waste oil fC.m,efl«t- Eationg in. mg/Ll 



GtUiaB at ®1 (1185)^' iurpriaint m% &l (isa3) Rudoi^ ClSfS) 

Oggmie, Canroo.m,d FoBBula__ laagg,..,. Range Rmmm 

msmml md Brmehed AUsmaa (2.7j_l 

ij-l«6,aa© Gjl^^ 170 - ISOO 

Q-leptane ^7^w ^lOi - 1300 

isQ-iaxme Cgl|^ 170' - I8OO1 

iso-leptaae ' C7%g 210 - 1390'. 

CvGlie .ABEam#a (501) 

Cyelshaixan* C|li2 1^0 " 1800' 

Cycleiiept.aB® Cjlj^ 210 - laOiQ 

WoBoaramatle. Hydrocarbaas ifiSZl 



' Benzene 



•Xoki.«n« C^Hg 23 - 22,00 ai.l20 - 5. SO 

•lylaata 



■ Ethyl 

Propyl Banseoai 

1-nBthyi 3-«thyl bsnaitna 

l-mathyl propyl bsazene 



PolYerelie Ar^omatie Bvdraearbons flAHsV 



' naph'tta.al;ts.« 
2-n#tbyl naphtha!*©* 
" mtlxEmcsiiA 

* PyrHo* 



CfiSs 


4i - 21.0 


c^ag 


23 - 22,00 


"^B^lO 


3S - ,570 


"^e^io 


14 - IS' 


CgHl^ 




CgH,2 


110 - ,2500,1 


*^10^14 


SOO ast 



0.011 • o.si 



'BenzoCa) pys'^» 
' .D.ipb.ai3ylmetLh.aaa 



CloSfl 


no - 7i0 


^ll^'ll 


200 ast 


Gj^lj^p 


225 - sm 


^U^IO 


225 - sm 


^O^IQ 


430 - 124QI 


C20H12 


<5 - 860 


■^ao^ii 


«l - 630 


^U^'U 


S30 tst 



1,870 - 30. Og 



0.380 - S2.00 



.Het,iroeTellc Hydrocarbons (4Z) md 0-€o,nt,aini:ag. Hydro.earfaons 

B@nze£h,iepfaiena CglgS 2700 

Dib.«ngothi,oph«n© CisHftS 13500 
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Tablt 02 

iuinoary of OEsanie toalyiBS of Waste Q±l 
(CQtieBBt.rat.ions in mi/L) 



Qgaanie Cmroomd 



Gimiaffletal (19S5) 



Surpr'tnant 9% al (lif3) Eudeiph (1971) 

test. 



Hal9gmat.ad ftrdTOcarbons 

D i e:Uar'etdi.£]jiexQo«6haB« 

?rl ehiessfliisE^BctbaBs 
" Ip 1, 1-TrieU.oroa'Uisi* 
"1,1, 2-T£ieU,arQeiUi.Bi,e 
f ri chlsro tffif luero'* 'tli:an « 
' 1, l-DichlQi,ro#thy'liena 
■ 1, 2-DicblQio.«fcliylBn« 
■■ Triefaiieroatbyl^a 
■ IttEaehisraathyliBB 



mi2?g 



<i - 5m 



S^'lgF 


<1 - 


i70 


C2I3CI3 


<1 - 


4100 


CglgClg 


<l - 


4100 


C2C13F3 


<1 - 


33 


'C2%ei2, 






CglgCl^ 






C^l CI3 


«1 - 


650 


C^Cl, 


- 


2e<o 



O.iaO - 2.60 
O'.O'Qia - 1.301 
«1 - 9.7 



<5 - 1135 



%.s 



•d an MCC' .naiysas. 
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APFEiroiX D3 



TOTAL PCBs IH OIL MSTIJEIS AS DETEIMINED 

BY SIANDAED Am MO'lIFIED ANALYT'IGAL 
'METHODOLOGIES fSIROTA. lfS6^ 



Sample PCS Gone entrat Ion, fp'pm) 

Modified Method-^ 

1 

a 

1 

•i 
1 
I 
a 

44 €3 



19 


31 


11 


20 


23 


45 


22 


34 


J 


8 


17 


25 


17 


22 


<1 


2 


•<1, 


5 


42 


. 57 



%odlfisd cleanup using fuming sulphuric acid. 

2 

■ These samples were initially subaicted for analysis as pure 



transfo'rm^r oils and analyzed using stan,dard methodolo^. 'The results 
were 34 and 25 ppm respectively. 'They were subsequently contaminated 
with diesel fuel and yielded the lower value as indicated in the above 
table. Following discussion of the results with the client,, the 
s,aiiples were re-analyzed using the modified cleanup protocol, and 
yielded the original values. 
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APfiroiX D4 

TQffQEAL CHANaiS IN COI'CINTIATIOHS 

OF fO'TAL FCBs IH AN OTDISTUUED W4STI 

OIL OF HlgH SQLIPg GONTBITr'i fglRQTA. 19861 



Sample Time Feriod T&tal PCBs rnem^ 

Initial 605 

+ 1 toy 580 

+ 7 days 425 

+ 28 days 118 

+ 42 days 102 



^'The sample was mechanically mixed prloT to taking the tnitial sample 
and was, mllowad tO' stand imdisturbed while s'ubsequent samples were 
taken over a 6 -week perio4. 
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.APPEHDIX E 

^GALCIUM, 'CHLORIDE ,AHD LIGNO'SULFOIATE 
PmfOEMMCE SllMARIES 



Performance S u m h a r y For Village Of G r e t m a Streets 
(Manitoba) |Boyd, 1983} —^ _.=^= 



OBSERVATION 

PERIOD 


WEATHER\ 
SUWARY 


SURFACE 
TYPE 


MAIWrEIWCE 
REQUIREMEIITS 


DUST 
COI 1 FCTOR 

DATA 
(g/m2/day) 


SURFACE 
COmiTION 
STATEHEMr 


ii : 

HJST 

COflTRCt PERFORMWCE 
IRATINT STATEME-NT 


June 18 

to 
Ayg. 4 

i 


Wetter than 
nornal with near 
normal temper- 
a tyres. 

(126.f im 
rainfall! 

ii 


CaCig 


mi 


1.4 


Tight and fairly smooth. No 
pothoTing. Some loose coarse 
material evident at end of 
perloi. 


4.0 


CaCV2 perfoTiBed better 
dyrinf this wetter than 
normal period. Ca- 
1 Ignosyl fonate appeared 
to "wash out" more, 
fomlng residue pools 
at shoulder edges. 


Ca-lifn©- 
sylfoflate 


»i 


0.7 


Falrlj tight, smooth, and 
no potholing. More loose 

coirse material tvldent than 
on CaClg sections. 


i'.s 


Aug. S 

to 
Sept. li 


io'mal preclp. 
143.9 rail with 
sUgihtly be low! 
normal 
temperatures,. 


CaCl2 


Wl 


i,.l 


Tight and smooth. No pot- 
hoilng. Some loose 

agiregate visible. 


i.i 


iolh sections perfoirmed 

well, but CaClg was ratedl 
better due to no dust 

visible. 


Ca-llgno- 
sylfonati 


H11 


o.§ 


Tightness fair; smooth with 
no potholing. Loose coarse 
aggregate visible. 


3.0 


1: 

Sept. 17 

to 

iOct. n 


Wetter than 

normal witti 
normal to 

slightlf 
cooler tinp- 
eraturts 
(135.2 w 
rail nf alii 


CaCI^ 


Tlfht ibladedi on 
Oct. 21 for 
winter prepir- 
ation. 


0.4 


f. little ravelUnfi no 
pothoHng. Ride is good. 
Loose coarse material 
visible. 


4.0 


Bit,h sections rated as 
good. CiCli rated as 
sightly better becayse 
of less ravelTlng, better 
ride, and higher iust 
control rating. 


Ca-l If no- 
sy If OMte 


Tight bladed m 
Oct. 21 for 

wtmter 
preparation. 


Oi.i 


Roughness reported prior to 
blading. No potholing. 
Loose coarse material 
visible. Some dyst. 


3.0 



Performance Syimiarf Statement: 



The CaClz perfomed better than Ca-l Ignosul fonate; particylirly during the wet weather periods, loth types 
perfomea satisfactorily, however, according to the observations of both hlglways and village council personnel. 






M 

3 



See Dost Control Rating Criteria at end of table 



Performance 



Summary 



For Town Of Winkler 







(Manitoba) (Boyd, lyBJ) 








OBSERVATION 
PERIOD 


WEAT>€R 
SirtlARY 


SURFACE 
TYPE 


MAINTENANCE 
REQUIREFENTS 


' DUST 
COI 1 FCTOR 
. .DATE ^ 
(G/M2/nAY) 


SURFACE 
CONDITION 
STATEMENT 


DUST 
COKTROL 
RATING 


PERFORMANCE 
STATOiENT 


June 11 

to 
Aug. 4 


Wetter than 
normal with near 
normal temper- 
ature. Two heavy 
rainfalls of 
12S rmi and 75 ran 
occurred 
(203.4 ran 
rainfall) 


CaCl2 


Nil 


0.3 


Tight and smooth, no pot- 
holing and no loose 
aggregate. Ride good. 


4.0 


CaCl, perfonred 
considerably better, 
Ca-lignosulfonate 
washed out by heavy 
rains the day of 
appllcationi and deter- 
iorated rapidly under 
heavy traffic. 


Ca-llgno- 
sulfonate 


Uaterid, b laded and 

rolled once on 
Pembina Ave. E. only. 
Ind application of 
0.2 gal /yd. ^ 


0.4 


Tightness fair-good, with 

llmilted pothioTlng. Loose 
aggregate evident on all 
sections. 


2.2 


Aug. 5 

to 
Sept. 15 


Normal preclp. 
with slightly 
below normal 
temperatures 
(50.8 imt 
rainfall) 


CaClg 


Nil 


0.2 


Fairly tight and smooth. 
No pothollng. Same loose 
aggregate. Good appearance. 
Ride good. 


3,0 


CaCl? again performed 
significantly better and 
rated as good. Ca-ligno- 
sulfonate section ratings 
vary from fair to poor. 


Ca-llgno- 
sulfonate 


Watered, bladed and 
rolled twice on 
Pembina Ave. E. 
3rd application at 
0,4 gal. /yd. 2 


0.5 


Very rough, major pothollng, 
and very dusty prior to 3rd 
application. Balance of 
streets fair to poor. 


1.5 


Sept. 16 

to 
Oct. 27 


Wetter than 
normal with 
near normal 
temperatures. 
(156.8 im 
ralnfill) 


CaClg 


Tight bladed once. 


0.1 


Fairly tight and smooth. 
Limited pothollng and 
ravelling. Some loose 
aggregate. Ride and 
appearance good. 


3.0 


CaCl^ performtd 
considerably better and 
was rated as good. Ca- 
1 Ignosulfonate sections 

deteriorated more qylclly 
with wetter weather and 
heavier traffic and were 
rated as fair. 


Ca-llgno- 
sulfonate 


Tight bladed and 
rolled once. 


0.4 


Very rough, some washboard 
limited pothollng. Fairly 
dusty. 


2.0 



Performance Suranary Statement: 



CaCl2 outperformed Ca-llgnosulfonate during entire testing period, especially during wetter weather. The 
performance of the Ca-lignosulfonate sections were hampered by the combination of heavy rainfalls and heavier 
traffic than the CaCl^ sections. 
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ip f i IF R M A H C E S U M H A i Y F i T W Nl 0' F -H R D IE, Nl^ ManitO'ba (Boyd;, 198 3) 



■1. 

CBSEmfATION 
PERIOD 


WEATHER 

SUfWRY 


SURFACi 
TYPE 


HAIMTENMCE 
REOyiREMEMfS 


HJST 

mixicTOR 

(G/rP/MY) 


SURFACE 

CODITl'ON 
STATEreMf 


mjsi 

COflTOOL 
RATING 


PERFORHANCE 
STATEMEUT 


June 29 

to 
Ayf. 3 


Metter than 
normal Mlth 

near normal 
tenperatyires , 
{101.4 H 
ralnfail) 


Ca-11gM- 
stilfonate 


1 

Nil 


01.3 


light surf ice, smooth with 
some loose fines, iide 
and generil appearanci pod. 
Low dust except for Railway 
Ave. where visibility wis 
restrlctedl. 


3,0 


Perfomsance rated as 
good with satis factory 
dust control. 


Aug. 4 

to' 
'Sept. IS 


iO'mial preclp. 
with: slightly 
below lormal 
temperature 

150,8 ifw 
rainfain 


Ca-llgno- 

Silfonate 


Nil 


0.1 


Filrly tight, siwoth, some 

loose" fines. Ride Is gciodl. 
Thin iust layer present. 


3.0 


Entire test section 
ptrfo^nned well and are 
rated as good. 


Sept. Ill 

tO' 

Oct. 21 


yetter tiNan 
no'mal wlih 
neir normal 
temperatures 
{1I&6.S mm 
rialnfall) 


Ca-lign®- 
suifonate 


Tight bladiedi once. 


m diust 
collection 


Fairly tiiht, sinoioth,, some 

loose fines. Ride and 
tppeiiir<ance good. Thin dust 
layer observed. 


3.0 


Performaince is good. 
Ca-I Igno'sul folate stiilll 
evident- 



Performinct Sumniry Stat 



The perfopnance of Ca-Hgimsylfonate was rated as food for entire iiispectlon period. Initial deterioration was 
noted at first due to heavy rainfall i the sections remained slmiilar for remainder of testing perlo'd. The low 
of Mordeii found Ca-1lgnosy|fonate to be effective as "it lasted mucli longer than CaCli ind required less grading 
and almost no watering". 



Performance S u m, m a r y For V i l l a e e if St. C l a u d e, Manito^ba (Boyd , 1983) 



OBSIERVATI'ON 
PERIOD 


■WEATOiEi 
SUWIARY 


SURFACE 

wre 


mimENANCE 
REQUIRtl^MTS 


DUST 

COLLEaOR 
DATA 

Cg/m2/day) 


SURFACE 
CONDITION 
STATEMENT 


DUST 
COMFROL 
RATING 


PERF0W1ANCE 
STATEMENT 


Jyne IS 

to 
Ayg.. S 


Wetter than 
normal with 
near normal 
temperature 
(126.2 nm 
rainfall) 


Ca-ligno- 
sylfonate 


Nil 


0'.2 


Tifhtness fair, sinooth, 
llnilted pothollng. Loose 
fine aggregate evident. 

ildt Is good. €a-Tlgi. 
pooled at shoylder edges 
dyring heavy raiBfalls- 


2.5 


Performance was rated 
as fair-good. Ca- 
ll gnosul fonate is 
deteriorating rapidly 
with wet weather. 


to 
Stpt. 14 


Normal precip, 
with slightly 
below nomta] 
temperatures 
(31. 7 mn 
rainfall) 


Ci-llflno- 
sulfonate 


Tigfct bladed once, 
io water. 


0.3 


ftry rough, major pot- 

hollng, ravel lingi aind 
Mashboaird prior to tjelngi 
bladed. Loose material. 
Ride is fair, ¥ery dustf , 


1.2 


iPerfomjance was rated as 
filr-poor. Prodoct 
lip:ked cofceslon after 
being bladed. (shoold 
have Ibeen wa tired andl 
rolled when bladed |. 


Stpt, 15 

to 
Oct, 2S 


Metter than 
norfnal with 
near noinial 
temparaturei 

ii09.3 mil 
rainfilll 


Ca-ligiio- 
siil fonate 


Tight bladed oncct 
no water. 


— 


Rouih with potholes prior 

to blading. After liladiiig 
sorface remained tight and 
smooth with lesi washboard 
and potholing. Ride 
jiiproved. 


3.5 


Improvement over previois 
periods due to comblnatlofl 
of more rainfall and the 
previous years CaCU 
treatBent coming to^the 
syrface'. 



PirfonMince Synroairy Stattraeint: the yse of Ci-TI gnosul fonate was not siiccfssfil and the overall perfoimipct of the product rated as fair to poor. 

The reasons ire tho«ght to bt above average rainfalls washingi out the product coirablnid with the sandy siybgrade 
In the village striets. Whether CiCIf woold hive worlted better was not detemiined, but the village feels CaCl^p 
Is a more dependable prodyct In their area. ^ 



iOt)ise:rvatlon 
Perio'd 



Jiine 24 
to 

July 31 



A^g. 1 

to 
Sept, 30 



Oct. 1 
to 

Oct. 31 



Heather 
Suraiiary 



Much drier 
than noriial 

'With near 
noFiiial teimp- 
e rat lire a. 



Wetter and 
slightly 
cooler than 
normal* 



normal precip- 
itation with 
slightly 

below tenp- 
eratures. 



FHiPOmttWCE SUMIARY FOR f^f 3IT1 I 5 P,R. 33U 
(Manitobal iBoyd. 19:8i0i| 



Siarfaee 
Type 



GaGl2 



Ga- 

IgnO'Sml- 
fonate 



CaCl, 



Ga- 
lignostil- 
fonata 



CaCl2 



Ca- 

ligno sul- 
fonate 



Maintenance 
lequlrementa 



watered 3 t'iiies 



none 



watered .and tigW 
bladed 2 times 



watered .and tiglt 
bladed 2 times 0,6 



Dust 
Collector 



0.7 



0,3 



0.6 



none reiwrted 



none reported 



0.5 



0,8 



Siirface 
Condition 
Statement 



Dust 

Control 
Rating 



Tight and fairly 

smooth. Few small polj- 

holes. Some loose 
fines evident near 
end of period^ 



Tight and fairly smooth 
Few small potholes. 
Better appearance thar 
CaClg, section.. 



Surface condition 
roraained good with 
the aid of mentioned 
liiaintenanee . 



Surface condition 
remained good with 
the aid of mentioned 
maintenance* 



3.5 



4,7 



4.3 



4.8 



Loose fine material 
obsenred at the 
beginning and coarse 
sizes rairelling: at the 
netidi'- 



Loose fine material 
at beginning but 
appBared tighter than 
CaGl2 at end of period 



3.4 



3.5 



Performance 
Statement 



Ca-lignosulfonate 
section performed 
significantly better 
during this drj period 



Both sections perfO'rm'isd 
almost equally. The 

O'a-ligno S'ulf onat a 
deteriorated slightly 

from pre¥lous period 
because of wet weathei'i 



Both sections performi d 
similarly until near 
the end oif the ©erlO'd 
when the CaCl2 surface 
appeared to have greafer 
deterioration. 



w 



Suniiary Performance Stateiient! 



The Ca-llgnosiilfonate perfonned better than C'a!0l2| partlcularily during 
the dry weather at the beginning of the trial period. 



Obaervation 
Period 



June 24 



to 
Sapt. 30 



Oct, 1 

to 
Oct.. 31 



Meather 
S'lMiiary 



Significantly 
drier than, 
,rio^]ni.al with 
near normal 
temperatures 



Wetter and 
elightly 

coo'ler than 
normal 



Sligtitly 
wetter and 
cooler than 
normal 



reBFORMMCE SUWtARY FOR TBT SITE II s P.E, 401 
iManitoba^ iBovd. hm ^ " ^ 



Surface 
Type 



CaCl2 



Ca- 

llgnoaiil- 
fonate 



CaCla 



llgno sul- 
fonate 



Ca0l2 



Ca- 

llgnoa'iil- 
fonat© 



1 



Maintenance 
lequirementa 



watered 2 times 



none 



-^"-"- ' — 



Dust 
Collector 

Data 



2.1 



0.6 



Watered .an,d 
tight bladed 
nncfi 



watered and 
tight biaded 

once 



tight bladed oncQi 2.3 



tight bladed 
once 



2,2 



1,0 



Surface 
Oonditlon 

Statement 



Dust 
Control 
Hating 



Surface rem,ained fair] 
tight 'with patchee of 
loose material observed 
A few potholes. 



Surface remained 
tight with smal,l aiiouiit 
of loose co^arse materaal 
observed at beginning i 

■ i-fei^^atholgs 



Ride ability and e^urfaqe 
deteriorating , loose 
■ate rial, Potholing 
more frequent 



Wde ability and sui^ 
face deterioratl'ng. 
Tighter than CaCl2« 
Potholing more 
f FftfiiiRnt * 



4.3 



Performance 
Stateiient 



Both sections per- 
formed siiillarly, but 
the Ca-li,gno'3ulfonate 
was rated "^■slightly- 
better due to lower 
dust collection. 



4.3 



4.1 



4.0 



1,1 



fery rough f m^ajor pot- 
holing, much loos© 

materi^al on surf ac:© 



Surface fairly tight, 
major potholing to 
lesser degree than 
CaOlg 



3.3 



4,0 



Ca-Ugnosulfonate and 
CaClg perfo'rmed 3'iiiil|rly 

with' the exception 
®f dust collection. 



The Ca-lignosulfonate 
performed iiarginally 
better in that its 

surface was tighter a^d 
less, dust collected 

than on CaCl2 section 



^ 



m 

m 



Summary Performance Statements 'The perfoniance of the Ca-lignosulfonate was rated iiarginally more 

^B '^B iBH ^m ^^t&^me t|wth«|g]l2ji^d 



PTOFORMANCE SUMMARY FOR TEST SITE III ; CONTROL gTRUCTURE ROAD (Manitoba) (Boyd, 1980) 



Observation 
Period 



Weather 
Summary 



Surface 
Type 



Maintenance 
Requirements 



ElVist 
Collector 
Data 
(g/m2/dayi 



Surface 

Condition 

Statement 






Dust 
ontrol 
bating 



Performance 
Statement 



June 2/| 

to 
July 31 



Significantly 
drier than 

no'iTial « Meai ■ 
noriial temp 



GaCl2 



watered 2 times 



1.3 



Surface fairly tight, 
Few small potholes 



3»8 



Both sectiona 
performed similarly. 



Ca- 
ligno sul- 
fonate 



none 



0.9 



Surface fairly tight. 
Few small potholes 



3.6 



Aug. 1 

to 
Sept. 30 



Wetter and 
slightly 
cooler than 
normal 



CaCl, 



Ca- 

lignosul- 

fonate 



Each section waf :. 
maintained as 
follows: 2.3 

Tight bladed once 

in Aug. and once 

in late Sept. 
On Sept, 2 both 1,4 
were totally re- 
laid and treated 
with Ca-lignosulSfonate 



Surface deteriorated 
thru Aug^; washboard 
surface and large 
potholes forming. 



Remained good past 
mid-August, but by enfcl 
of Aug, was in as poop 
condition as CaGl2. 



3.9 



Both sections 
deteriorated during 
wet weather and the 
performance was rated 
as poor. 



3.7 



Oct. 1 

to 
Oct. 31 



Slightly 
wetter and 
cooler than 
normal , 



CaCl2 



none repjorted 



1.5 



Ca- 

ligno sul- 
fonate 



none reported 



1.6 



Surface in fairly good 
condition, A few pot- 
holes. Surface tighter 3.S 
than other section at 
end of Qr.t. 



A few potholes at be- 
ginning, but deteriorated 
at end of Oct. Many po ;- 3.3 
holes and loose materitl 
on surface. 



The GaCl2 with second 
treatment of Ca-ligno 
ulfonate performed 
marginally better thar 
the double treated 
Ca-ligno sulfonate • 



pi 



Summary Performance Statement* The performances of either section was only fair during the dry period 

and poor during wet weather| neither was more effective than the other. 



Appendix E8 



DUST CO'NTROL BATING (Boyd, 198 0') 



Rating 



Condition 



Dust free, no dust rises froii passing 
vehicles 

Thin dust, rises a few feet high when 
vehicle passes 

Thin dust cloud, rises well above 
passing vehicles, vision not restricted 

Thin-thick dust clo^ud, visibility 

fair - poor, dust drifting from, roadway 

Thick diist cloud, causes driver 
uncertainty when following, heavy dust 
drifting 

Extr'eme dust conditions , takes 1 - 5 
.seconds for visibility to improve, 
visibility greatly restricted 




B I I B B B B ■[ fl 




LOCATiai 



DATECF 
milCATIOM 



Lignosulfonate (Tembind 35) Performance 
Tests by MTC on Roads In Ontario 
(McDougall, 1986) 
/^PLICATIGM DUST DEGICE NO. TIMES M^PLlCAIICi OUST DEGREE NO. IMS 

MB CDNTRDL (F GIWDED AFTER DATE CF TYPE (F RATE CONIFDL ff GW«ED AFTER 

Ly^ RATINS POTiaiNS APPLICATICH /WLICATICN MATERIAL L^^ RATING POnaiMQ APPLICATICN 



Tvfli. of Cas^ 
Lot 4=6 Con Y 



Town of 

Bracebrid^ 

Stephen's B^ 

Road 

Spence Twp. 

Ahniic Lake Rd. 
l-tetliod A * 
r-tetJiod B * 



84 06 13 



84 06 13 



84 07 18 



84 06 20 
B4 06 20 



Hetlvxl C * 84 06 a) 



3.96 Good Light 



1.49 Fair- Light 

Poor 
1.34 Fair 



3.72 Poor Moderate 

3.72 Fair- Llfi^it 

Poor 
3.72 Fair Ll^ht 

Poor 



Method D* 


84 06 20 


3.72 


Poor 


Moderate 


Twp. Georgian 










B^» District 










Rd. 33 










Method B 


84 06 21422 


5.73 


Good 


Nil-L1|ht 


Method C 


84 06 21&22 


5.87 


Good 


Litlit 


Method 


84 06 2li22 


4.1B 


Fair- 
Good 


Moderate 



84 06 13 
Lot 1-6 

Con HI, 
IV, & V 



CaCj 



QM 



Fair 



Ligirt 



84 06 20 Road Oil 1.24 
Spence Twp. 



Good 



Light 






m 

m 

16 



*See description of application methods at end of table 



mM tmt m0§ mma mm mm mw ^ -^ mm mm '-^r ^^ -««| -^' -'« «-"■« *«| --^ '-*-i^ 

« a Br i ta i b i I i i 1 1 1 1 i H i ■ A 



/l»aiCITICIi DUSF DEGTCE NO. TIttS W*I1ICATI(IJ HEf DEOIE NO. T1I€S 





DATE OF 


RATE, 


COMTOL 


. OF 


owom mEU 


DATE OF 


WPE CF 


RATE 


COiTOL 


CF 


GWOEo mm 




idmim I 


VIRlIMIION 


10 


IRATIiNQ 


POTICLIMI 


WPLICATIOI IPMCATICM MMIRIIL 


10 


RATING 


POmOLING 


APPLICATION 




Parry Isla^nd 


























Indian Reserve 


























Masauislirt M. 
















s 










ItthodB 


84 & m 


5.32 


Poor 


lleav^' 


!Had to Oil 


84 07 03 


Road Oil 


1.74 


Good 


Light 


t 




Hetiwdi B© 


m 07 03 


5.32 


Poor 


lHeai\y' 


the Road 








... 








Saitli Sequin 


























Estate Rd. 


























Method B 


m m m 


1.71 


Poor 


itoderatt 


3 


84 07 04 


Road Oil 


1.24 


Good 


L1#t 


1 




T»fi of Miltooi 


m m 17 


1.58 


Fair 


Moderate 


21 


84 06 17 


yaste Oil 


1.41 


Good 


Ll^itf* 







Town rf Wlton 


84 ffl 14 


1,79 


Fair 


Moderate 


21 


- 


» 


« 


- 


- 


•- 




Totii of 


m 06 04 


0.76> 


Good 


Llg^t 


•ft 


04 06 24> 


Maste Oil 


Logi 


Good 


Lf^glvt 





*■ 


liotiiju.ry' 


























TCMl of 


84 07 31 


0.76* 


Sood 


HQderate 


i 


, ■- 


- 


•»' 


■m- 


■tm- 


«• 




TlDmbur^ 














'• 












St., La^re,ifice 


84 06 04 


3J5> 


Good 


Ll^t 


i 


m 


m^ 


« 


m 


*..• 


. 




SeeNi^ 


























est. CatheHnffi 


1 
























lownshfp of nest 84 m m 


2.23 


Fair 


Moderate 


2 


84 05 31* 


Calctun 


3.»s 


Fair 


IMerate 


2% 




Lincoln 














Chloride 








,. 


3 


yaipole Island 


84 06 06 


2.451 


Fair 


todarate 


- 


H' 


- 


- 


- 


.M 


- 


























p. 


























w 

o 



1 i i & irlri'lri-IHHI-i'iill-l-i i f 



DATE OF 
LOCATICN flPaiCATION 



WPLlCAIIOi OUSr DE^ NO. TIICS APPLICATION DUST DEORE NO. TIMES 

RATI COHTOL CF OWE! AFTER DATE OF TYPE OF RAH OOHnCL CF OWm ^ER 

10 RATIffi POTllOLIIiQ WLlCAflCN IPPLICATION MAIEWM. 10 RATING POfiELING WLICATION 



Town of m 06 12 


1.902 


Good 


L1#it 


§ 


84 0i06> 


mam 3.^5 


Good 


L1#t 





St. Mary's 












Chloride 








Concision 19 




















Town of 




















St. Mail's 84 06 12 


1.091.2 


Fair 


Light 


i 


Ml 


_, 


- 


- 


M 


Various Stmeets 




















Tcwn of 84 06 13 


1.853 


Fair 


Wemy 


i 


mi: 


m 


- 


m 


•Wi 


Bracebridge 




















Robert Dollar Or. 




















TowfB'hip of ' 




















Plttsbyii 84 06 14 


2.34 


Good 


Light 


i 


,_, 


_ 


- 


- 


- 


Tamship of Tirie4 06 14 


2.83 


tod 


LIclit 


i 


04 06 p7 


teste Oil 1.361 


Good 


Lf^t 


3 


Township of 




















TecuiBdi 84 06 22 


2.23 


Good 


Maderate 


3 


84 06 05> 


teste Oil l.I9» 


Good 


Moderate 


3 


Township of 




















Palme rs ton 04 06 26 


_ 


Fair 


toderate 


1 


m 


- 


- 


- 


- 


NorUi anJ Sou'th 




















Canonto 





















lOIES 

1. Estiiiital 

2. Orlgiiial ^pUcatlon Rate. A second Li#it IppHcatlon |0.82 10 +/-] ms placid 2 weAs later. 

3. Graded to a depth of 4 oi befone application of Tetibind. 

4. SiBll bre*s In the stabilized oil surface were sprii/ patdied with asphalt eulslon and aggrepte. 

5. Tonn^ of 1 lipid caklui chloride per km. 



« 



s 



■^'S' i.»-fiwfnr»"--" ''""* '"-^ ■ ■ f 



1 " "I 1 



I . ■■ ' ii'i.'!,«i>i!"' !i.j",r»'v|"-^rir' 



Appendix E12 

APPLICATION METHOD A 
RECOMMENDED METHODS OF APPLICATION USING 35% SOLIDS 

1. Grade the road surface 7.6 m (3 in.) deep to get rid of all the 
corrugations, pot holes and to looien the road surface material to 
the depth penetration desired, 

2. Srade the road 5.0 an (2.0 in.) deep in a manner to leave a windrow 
on both sides. The distance between the windrows should bt 5.5 m 
(18 ft). 

3. Spray the road surface between the windrows. 



Recommended Application rate .91 1/m^ ( .2 gal./sq. yd.) 
Actual Application rate l/ra^ ( gal./sq. yd.) 

6. Blade the remainder of the material in the windrow evenly over the 
freshly applied dust control product. 

7. It is important that the finished grade should be left with a crown 
4.2 an per m {1/2 in. per ft.) from the centreline to the edge of the 
road. 

8. Spray the dust control product on the finished grade 5.7 m wide 
(22 ft.). 

Recommended Application rate .91 1/m^ (.2 gal./sq. yd.) 
Actual Application rate l/m^ ( gal./sq. yd.) 






I 
I 

Recommended Application rate .91 l/m^ (.2 gal./sq. yd.) 

Actual Application rate l/m^ ( gal./sq. yd.) M 

4. Using approximately half of the material in the windrows, cover the m 
freshly sprayed dust control product. I 

5. Spray the road surface between the windrows. B 



I 
I 
I 
I 



I 
I 
I 



%a 







Appendix El 3 

APPLICATION iETHOD B 
RECOMMEMOED METHODS OF APPLICATION USIiS 35% SOLIDS 

1. Grade the roiad surface 7.6 cti (3 In,) de'tp' to get rid of ill! the 

CQirrugatiairi,s, pot holes and to looisen thi road surface material to 
the depth penetration deslrtd,,. 

2. Gradi the roiad .1 m {20.0' ft.] wide. 

3. Spray the roiad surface betwetn the windrows. 

Reconmended Application rate .91 Vfjifi (.2 ga;i./sq. yd.) 

Actual Applli cation rats 1/wP- i ^gal./sq. yd.) 

4. Sradi the road surface 5,0 m {2.0 fn.) deep froi the right side to 
the left side and back to the right side, in the same manner as 

mixing mulch. It might be necissa'r^ to make an extra pass with: the 

grider to iix and Ifvel the miateriil propirly. 

5. Spray the road surface again 6.1 n (20.0 ft.) wide. 

Reco^ramended Application rati .91 l/m^ (.2 ga1,/sq,. yd.) 
Actuil Ap'plicition rate 1/m^ ( gal../sq. yd.) 



9m. 



6. Grade the road surface i.O m (2.0 in.) deep fr« the left to the 
right side and back to the left side, in the same manner as 'mixing' 
mulch. Again it might be necessa'r^ to make an extra pass with the 

grade to mix and level th.e material properly,. 

7. The finish 'fid grade should be left with a crown of 4.2 m per ■ 
(1/2 in. per ft,) from the centreline to the edge of the road. 

8. Spray the dust control product on the finished, grade 6, .7 m 

(22 ft.). 



Reco'inended ,ApplicatiOin rate .91 l/m^ (.2 gal./sq, yd.) 

Actual Application rate ^l/m^ ( ^gal./'Sd. yd.) 



T* 





Jh 



JH 






Appendix 114 

APPLICATION METHOD C 
RECOMMEHDID METHODS OF APPLICATIOi USING 35% SOLIDS 

1. Urade the roid surf act 7.6 cti (3 In.) deep to get n'd of ill the 
eofrugationSs pot holes and to loosen the road soffaci niaterial to 

the depthi penetration desirtd.- 

2. Spray the road surface 6.1 m (EO-0 ft.) wide. 

Riconwindid Application rate .11 1/wP- (.2 gal./iq. yd.) 
Actual Application rate l/m^ ( gil./sq, yd.l 

3. All'Ow the dust control product 'to penetrate into the road surface.: 

4. Spray the road surface 6.1 m (20.0 ft.) wide. 

RiCOiiiended Application rate .91 l/m^ (2 gil./sq, yd.) 
Actyal Application rate l/m^ ( gal./sfl|. yd.) 

5. Allow the dust control produrt to penetrate into the road surface. 

6. Grade the road surface approxiraately 2.5 cm (1.5 in.) deep Itavlng 

the finished grade with a crown of 4.2 cm per m (1/2 in, per ft.) 
from the centreline to the edge of the road. 

7. Spray 'the dust control product on the finishid grade 6.7 ■ 
(22.0 ft.) wide. 

Recommended Application rate .91 l/n^ (.2 gal./sq. yd.) 

Actual Application rate ^_ l/ii2 ( gal./sq. yd.) 



^^B 



■iBi 




Hid 



Appendix El 5 

APPLICATIOli METHOD D 
RECOMMENDED METHODS OF APPLICATIOII USIIIi 351 SOLIDS 

1. Grade the roid sorface S.O m iZ,Q in.) dt'tp to git r1d of all the 
corrugitions, pot holes and to loosen the roid surface mattrlal to 

dep'th penetritl oiR 1s desired, leaving a crown of 4.2 an per m 
fl/2 in. per ft,l fro« the ctntrtlini to thit 'tigt of th.e mM» 

2. Sprgy the road surf act 6.1 m (20.0 ft.) wide. 

Reco'iniended, Application rate .91 l/^ (.2 gal./sq. yd.) 

Actual Application rati ^ l/ffl'2 [ gaL/sq. yd.) 

3. Allow dust control produrt to penetrate into the road surface. 

if 

4. Spray the road surface 6.1 m (20.0 ft.) wide. 

Recommended Application rate .91 l/m^ (.2 gal./sq. yd.] 

■ Actual AppTlcatloin rate l/#-{ ^ gal./sqi. yd.) 

5. Again allow the dust control product to penetrate into the road 
surf ace. 

6. Spray the road surface 6.7 m {22.0' ft.) wide. 

Rtcommended Application rati .91 l/m^ ( ,2 fal./sq. yd.) 
Actual Application rati ]/ttfi i gal./scj. yd.) 



APPENDIX, F 

SULFITE LIQUO'RS,/LIGNOStJLFO^IiA:TES 
(CHHII,SmY .AND ENVIEQ.ltCElfT^ DATA) 



I 
I 
I 



' Appendix Fl Organic constitutnts of sulphite 1 iqyQ'r.(,Gillh.ain, at al, 1985) 



COHPOSITIQN 



Water 






87 


5% 


Susp€nded Solids (Fins fragments 
of WO'Od a BaT'k) 


1 


.2% 


Dissolved Solids: 
Sodium Carbonati 
Sodium Bicarbonate 
Lignin 
Sodium Acetate 




2.1% 

1.8% 

3. .8'! „ 






Sugars: 
Rhami nose 
Aribiaose 
Xylose 
Salaetosi. 
GTueosi 
Mannose 




1.6S 


n 


.3% 


Uni dent! fled 

High Molecular yei 
Organic Cofflpoundi 

difference) 


ght 

(by 


1.4% 






Li on in Degradation Producl 


i£ 








phenol 

guaicol 
syringol 

vanillin 
vanillic acid 





syringaldehyde 

3 , S-dimethoxy-4 -hydroxypropl ophenoni 

FATTY ACIDS 

myristlc 

palmitic 

oleic 

itearic 

aracjhidic 

be hemic 

lignociric 

3 unidentified 

RESIW' ACIDS 

2 unidentified 



OTHERS 

Terbutol (2,S-di-t-bytyl-4 methyl phenyl -N-methyl carbamate) <1 



<1 
2 

29 

13 

I 

1 



6 
7 

45 

5 

IJ 

i 

4 
17 



dkM*a«MMfllibMI 



Appendix F2 



C2©1,ICAL AMLISK CF TMBB© h 003 (Noriiiaii, 1984 



lig,no€ul^na,t« produc:ed 



Tambind A 003 is a mixrf adium. airaoniaa 
from anraoniija s'pant S'ulfite liquor. 

IMS ligrosulFho,nate pr'odiEt is available m slirfgg free, clean liquid 
and in :pDwder fera. "" " xiquia 



aysical Properties 

Viscosity (at 25 C) , (^itipoisa) 
pH of 25% .solution* 

&l,ids, (1) 

Densi^, iq/m^ at 25 C} 
Free zing point, ( C) 
aalubility in, water, 

'Chemical Rroperties 



U^quid 



200 

5,0' 

48 

1.23 
-5 



ftj«d,er 



4.5 

m 

0.53 



bulk 



(g/L) Infinitely soluble 600 



Llgnin content, (I) ** 
Rrfuclng' ibod,ies, (%) 
H.P,L.C.. sugars,,. (%} 
Ms'thoxyi, CI] 
Hitrogen, (%) 
Sta'ph,ur,r {%■) 
Sodiuffl., (I) 
Calcim, (■%) 
Pe, C'ffiil 



is 

17 

12 

7.1 

3 

€ 

3 



20 

8 



'Can be adj'LStsd upon request. 
.EstMated by m spectrometric oethod 

High pressure liquid chroiia'tsfra:phy aethod 

« provided by .Or. h. lialski, fectaical m,rectQr 
Tenfibre Inc. May 1984 



i 

7.1 
2.i 

5,5 
3 


20 

i 



1 

i 

i: 



Appendix F3 



'CHB4ICAL mMJ&lS CF 
n i P CALCIIM, UCTi^'OLraomTE (No,nTi,an, 1984) 



i 



I Solids (la tours at 105 C) 

Spec, gravity at 25 C 

pa 

t mml, residm (to 1:1 HCl) 

t Iron and MuBteuo, QxideCPe20^Al203) 

i Calciyai, (CaO') 

1 Magnesitai, (:MgO) 

I Salute (SOp 

1 Mitrate '(IIO|) 

I BQdi\m OflasO) 

I Chloride (CI') 

I Matto^xyl 

I Lignin 

% Ligro-sul'piQnic acid 

1 Ca-ligno-sulfiiQ'nata 

% Reducing bodies 



4S.4 

m 

2.25 

ttace 

trace 

5,33 

0.24 

13.50 

nil 

ttace 

ttacii 

8.72 

68.1 

78-6 

84.1 

e, 

25.2 



mtBt 

Except &r tise .solids 'content, S'^cific gravity and 
pH vali^',r all ttm above values are expresS'^, to terms 
of mass of .solids. 



-provided by R-A. Sterkr -'Itead,. 'C3i,emicals feetion,- 
MTC townsvisw,. 1960. 
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CSmTZAL P^^USIS OF 
I EDC SODIIM LIGNQSULi=HOmT£ (Norman, 198 4) 

i 

I ^C Sodium Lignosulphonate is derived from high yield ^dium bisulphite 

t pulping of northern softWDods. ECC is available in liquid form at 55 - 

, 60% DS concentration. Also available in 25% solids solution. 



^ 



lypical Analysis of HX: 




g/kg Dry Sal ids 


m^ 


78.7 


s 


94.0 


SO4 = as S 


3.7 , 


SO3 = as S 


62. 4 


S2O 3 = as S 


i.i 


S = as S 


Ml 


Tbtal Inorganics 


250. 8 


m 


' 5.0 - 6.0 


UV Lignin 


331.5 


Ibtal Carbohydrates 


187.8 


Reducing Sugars 


50.4 



1 1 - provided by Ehvirorsi^ital Dust Qbntrol Ltd. 

* St. Vital, Manitoba 1984 
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Excerpted ■ fr'om 1,96 3 '"California Water Quality Criteria Manual 



njLFITl WAITE MQUOEi 

1. fiifiiPTnl. TIiP waslc wnier rpsulting from the pulp- 

iuf of wood witli ealeram on mapiMiiiim bisulfitt liqaoT 
■mth, stfiro ■under pressure arc kmown as stilfite waste 
liquors (SWL) or' ipent siilJte liqtiom (SSL). They 
leoniain in diasolvetl or very finely dj'vj;dpd Eiisp«nsion 
ipproximately .half of" the wp%ht of the wood used for 
palpinf, &iid comprise fihcT-biiidijig' snbstances siifh as 
-lifiiia and pectin, hemirttlliilO'S^;, gulfii;' diozide, rali:t^, 
polythwnfttei, oirfaiiie mei'ds, 'caJeivm. or mapiiiinm, raid 
■timero'aa dt^er 'Orgaxue .aad loorf^,e fiilwtaa,en. Acid 
in reactiion, they are hifh in BOD and iissoivpd orpmiiic 
matter, with a pcraisteiit paagtnt 'odor and a 'fcaadiBiey 
In fo«Bi.« rteei¥infr.atPBmins„ 

Glister and MgH« (2415) have mmfflmitd tit ehtm- 
ieal and physical characteri^ies of SWL, They poiiit oat 
il:iat most SWL contJtina 10 to M percent total solids, 
with 5^ay BOD valnes ol about BO,QQQ mgA, The lignin 
component of S'WL eomprisM a p-'eat Ysriity of high- 
mo'leciilar-weifht eompoii.nds that inelii,de bemeoe or 
phesol eomp]t:c^ tO' whieh snlfonati has "bten added 
f«r pulping: purposes. SWL ean be detected in dilute 
©oncentrations in reeeivinp wattra by the Piarl-Bensoii 
I'ftst, whifh is prtTisG and reprodncible but not ipeciic. 
11 any naturml phenolic mibstances. will produce positive 
t#sfs. The Pearl-Benson t^t is ealibrated m ttms of 
L^WL having 10 pereent soliii.. In eff'tct, then., it «■- 
preis« the dilution of 10' percent SWTj esprwied in 
fmrts per million by volume. Hence, a P-B reading of 
J 5 ppm reprraen'te only IJ mgA^ of tO'tal soliii in the 
original SWL. For this rtason,, 'Gtintir and McEee: 
(241 S) propos-ed the terra "Fearl-Benson Index"' or 
"FBI'* t§ d^eribe tie eoncintrations measured by 'thm 
tmi. 

2. Cro^i Eeferenc^. Sulfur and Sulfur Compounds. 

3. Effects -Upon Beneicial Us^. 

1. Dom rotie Water SuppliM, The controlling factor 
for SWL in rtreams that may be used for dom:(^tie 
water iupply appears to be ■ta.^te and odor. To eliminate 
the taKte of^SliVL, a dilution of 1 ■ 2&,Q00 appeara tO' be 
nf»f»efl.iary (7']. At iiieh dilutions, the concentrations of 
other potential pollutaats from SWL are iniiffoillimnt. 
, b. Fish and Other Aquatic Life, The prinripal dele- 
terious eifest of SWL towards fish appearai tO' be iti high 
BOD, 'wi;th resultant oxyfen iepletioin. Dilutions of 
1 : 200' or better are required tO' privent iGrioiis oxypen 
ilcpletion, (673). Compared, with Kraft mill cfiiients, 
SWL is' ■relatively non-toxie {iS3). A .leeond deleterioua. 
(»ffect ariaes from the fact that the an,gmra in SWL stimu- 
late the growth of SphmmMm in itreams (2500, 2642). 

Most of the reference dealing with 'the effect of SWL 
' on ish expri» th'eir findinp: in termM of dilution. Since 
the itrength of the SWL ia, ieldom pfea, raulta cannot 
bft_eompared exactly ; but it ia: logical to a^um'e that the 
SWL WM approzimately 10 ptreent solidi. Tie follow. 
in;p table iummaris'M the obaerred effeeti of SWL o^n 
fish : 

0ii»«ii Bilmimm Tppt of 
(ppm ly miumej Fhh ^hM^wd Eff'em Hefrw9m€t 

em-om ,__ xireiibuiij: of imM»i- 

BO-lSIMl. Plnlt laiBoa 5 ptftent kill SO'ifj 

560.1 ITS CiiineMSik w.lmoo § 'pifnanl. kJU loor, 

5f»S-l,0S Toung befri,B,c 'T.o.|.epmnee Jwc! nom 

M-n aiinoofc uimaa TL« for 30 dnyi .Tf.2:4 

«««> Ckom MlnoB Toxic thr«»lnild 3111 

imm Tmm LctJual i.B m ffw davt Om 



Qirmi Dilmiiam Tfpm tf 






(fpm .ly mmlmme} Fi«A 


mterf^fi Egmet 


^efrrrme-e 


lOlS-lSU 


SilV'tr M..iaoa. 


5 iwf»nt kill 


mm 


imrn-mm 


Tmut 


I^t.|i.ml 


mo 


1700 


CO'hn M.tDMn 


Thm for 30 dayi 


:iS24- 


wm 


S'Slaon 


A'T'oidaB'^ ]?a<etioi. 


m2i 


2CMIO-SO0O 




^fmirmi lCh20 diys 


©7.1 


5000 


M.ixtd 


H© deatbii in :28 dart 


.111. '68a. 


5000 


Fl«h 


Toxie , 


OHT 


mm-mjom 


Trottt fry. fwrctf- 








•ni lw.ui 


KiB^i in m-un kmm 








■im Boa-«tt«.t«d! wmtrr 


'Sm 


WMa 


Mmm 


Nut kHl.«d .is 17 iafu 








In ■•nitrt vater 


808 


m.&m 


Mlamm m 


CilM. :ia. m hmm 


S11. asa 


imma 


riita 


f^th«.l 


&40 


100.M0 


Boefc bam 


Lttbal 


3^ 



Long 'ixposur'^ to SWL affect tie internal, org am; of 
:ish,„ with deiniti! danagi ,at dilutions of 1 ; 100,000. 
Moreover, .SWL p.¥« a 'taste to'ish llcsli (7). 

Very Ettlt quantitative inforni..ati.on is' aTailabk upon. 
which' to assess tie .eflects of SWL oa fish.food organ- 
isms.. In general, it appears. th.at SWL exerts no direct 
toxic .action except at coo.cen'trations in O'cess of lOOO 
ppm by volume of 10 pereent SWL. Tie sparse litera- 
tmrt in ti.is snbiect has been revi«wed and summarized 
by 'QuntiT' .and'"McKie (2415).. Lasater (3.634) found 
that lomt copepo'is could not tolerate SWL, with, slgni- 
ficant mO'rtalitiM beinf 'rfported at .50-157 ppm of 10 
pereent SWIj ia S to 14 days. 

c Shelliib CultiJ;re., 'On tlie basis of a com.prehen- 
sive litera'ture review, 'Qunter and McK^ee (2415) rec- 
ommendiid. 'that the Pearl^Senson index attributable to 
SWL in waters: ovtrlying beds for tie gro'wing of Ulym. 
pia oy'Ste:re ihould not 'ex:eeed 10 dmrinf tie mo.n.ths of 
April tiroufh O'etobir .and 20 during th.e month.s of 
November ■tiroufh March. In. waters, overlying beds of 
tJie Pacific oj-ster, the PB/I should not exoeed 40 during 
.April througli October nor 80 during November thruugh 
M.iin!.li. Th'ere apfiears tO' be .wmc eviilciH-e that FBI ••rm- 
contrations of 8 to 16 a,rc inimical to 'the adult O'lyriipia 
oyster and perhaps 'the threshold co.ncfint.ration for ad- 
vene effects' is even lower.. Adult-Paeific oystei^ appear 
to be far more _tolef ant of SWL than 01_ympi,as. .It is 
apparent th.al Paeifics ca.n wi'ths.tand PBI conccntra. 
tioiis of SO to 100, or 'perliaps even mor'e,, over long 
periods of time wi'tiout 'mortaJity., 

Tow.ard oyster larv.ae,^on tie other hand, SWL may 
be more adTersc toward ..Paeiica. than 'tO'wards_01ympia, 
O'lving to tie difference in spawning meeianisms. For 
Patiic larvae, PBI vilues; of 8 to 16 'represent a tentn- 
live th,re,shold' of toxicity. In recent work, Lindsay, Wyst- 
ley, .and Woelke (363"6) point out that tie reproductive 
cyde of" O'lyropia oysters wan. .affeetDtl by f resli aHuini.iii!i.- 
b.5.isc SWL at l*Bl values of 2, 4, and 8; but these cITeffs 
were not demonsfrated as being n.ec.'essa,ril¥ advt rse. The 
deTelopment of Pacific lar%'ae was affected at PBI values 
of 2 and greater, and at 18 almost 100 percent of the 
larrae were abiKtrmal. These aiithors h1« point out lliiiil 
SWL is le'thal to Manas sp, an im.portant oyster food 
organism, at P-B indices of 1,000 to 10,000. Over several 
moiitliB, SWL appears to have a depr^^sing effect oo this 
food orf.,anism at"PB.I values as low as 2.5. 
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September 18, 1.98 5 



Mr. J -J. ArmstrO'iig 

lead. Technical Pol,icy Section, 

Environment ml Office, MTC 

1201 Wilson Ave. ^ 
Downsview, O'ntario 

M3M 1J8 



Dear Mr* Amstrong: 

Ee: Use of Tembind Road Duit Suppressant 

on Leo Lake Road 

M a result of the meeting held on 16 May, 1985 between 

MOlr MTC, Can Am Oil Services and Temfibre Inc, to 
discuss Teiibind dust suppressant, a gravel road _ was 
treated with the product to test ;both Its efficiency and 
potential for environmental impai.rment.. 

The test road, selected by Can-Am, Oil Services, is ,known 
as Leo Lake Road, and is about 3 km, long,, running off _ 
Highway 15, 8 tan north- of Jo^yceville in S-E. Ontario. The 
,road curves and undulates steeply with few level 
stretches, a,nd at one point crosses a waterway served by a 
large culvert* At this point, the ,road approaches ^ the 
water to within 1 metre on either side. This pa,rticular 
area was considered good for test purposes,, being highly 
sensitive to dust suppressant overspray or run-off. In 
upcoming MOE guidelines for the use of road dust ^ sup- 
pressants, application of chemicals in such sensit,ive 
areas is discouraged. However, for test purposes, the 
Tembind suppressant was allowed to .be sprayed m this 
locatioin. 

Personnel present during the day of t,he test, June 7, 
19S5, were the writer, Mr. Murray Cressman of Can-Am Oil 
Services, m. Fred Scott of the township, ^ Mr . Iruce 
M,etcalfe of the ,MOE Ii,ngston District Office and, a 

representative oif the M,TC* 
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Prior to spraying th€ Tembind, the road was graded, MOE 

staff sampled the waterway described above to prov^ida 
background water quality data.." Tembind was then sprayed 
along the length of the road at a rate of approximately 
1.5 L/m/^'. Visual, obseri?'ations showed that overspray was 
negligible to non-existant and that the Tembind soaked 
into, or adhered readily to the road surface ,, and within 
20-30 minutes a vehicle could drive the road with little 
or no chemical ■pick-up" , No evidence of run-off or 
overspray was seen at the water crossing. In addition, 
although a little odour was noted after" spraying the 
chemical, it could be described as being similar to that 
of fresh c:ardboa,rd and not partieularly offensive. An 
hour after Tembind application, the waterway was again 
sampled by the MO'E in the chance that some chemi,cal m_ay 
have entered the water through subterranean channeling, or 
short circuit. 

Since the test, Mr. Metcalfe of the MOE has visually 

inspected the road several times over a period of about 2 
months and has seen nO' evidence of run-off. Due to the 
extremely dark colour of the Tembind, it might be safe to 
suppose that even with rain dilution, some evidence of 
surface run-off would bm- seen. On July la, 1985, after a 
particularly heavy rainfall, reportedly the first 
significant rain since applying Tembind, the water at the 
road crossing was again sampled. The results of bath pre 
and post Tembind application water samples are shown in 
the table. It was difficult to select" analytical 
parameters for the samples due to lack of experien,ce with 
the Tembind.. However, due to the strong organic nature of 
the chemical and the known presence O'f amm,onia, or 
.ammonium compounds, the total Ijeldahl nitrogen test 
(TKN), the .arnnonia teat (NH3), the dissolved organic 
carbon test (DOC), and the dissolved inorganic carbon test 
(Die), were felt to be appropriate indicators. 
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SAMPLE 

Before 

Application 
7/6/85 

1 Hour After 

Application 

7/6/85 

S Wmmks After 

Application 

18/07/85 



- 3 - 



TABLE OF AHALrriCAL RESULTS 



TKN NH3 DOC Die 



0.48 0.05 4.8 16*0 



f 



0,63 0.09 5.3. 16. 6 ) 

0.47 0.05 4.6 15.8 ) 2 locations 



0.48 0.04 4.7 14.4 ,) 

0.50 0.04 4.6 14.8 ) 3 locations 

0,59 0.07 4,9 15.0 ) 

All resiilts in mg/L 

TKH and MH3 are expressed as 

n - nitrogen, and not as the entire 
moleculeC s) 
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While the results ¥ary slightly from place to place, they 
typify the range of results generally seen on multiple 

lamples in work of this nature, and show ho evidence O'f 
ca'Dtamlnation from an outside iQiuree. 

Although the test can not be considered entirely 
definitive, (that would require many weeks of very 
intensive groundwater and surface water monitoring and 
analyses, tracer studies, etc.), I feel it sarved as a 
good indication that nO' environm.ental effect or impairment 
was measurable at the location under the conditions of the 
test. 



In addition to on- 
obtained directly 
To^ronto laboratory 
.Ames tests showed 
to bacteria. Whil 
bacteria if presen 
mu tag e n i c i t y t e s t 
positive result eo 
a road dust suppre 



site testing # a sample of Tembind 

from the truck, was returned to the MOE 

for microbiological testwork. 
that Tembind is tO'Scic but nQin-mutagenic 
e many substances can prove toixic to 
t in high enough • concentratioins , the 
is perhaps ot more signif icatnce as a 
uld have precluded the use of Tembind as 
ssant. 



Further biological tests on Tembind are planned, including 
its toxicity to higher agu,atic life forms and fish. 
Results will be forwa,rded to you as they be'Come 
available. 

In the m,eantim,e, results form this test indicated that 
there is no^ good reason to prohibit the use of Tembind as 
a road dust suppressant and suggest its use^may continue 
unless future experience shows otherwise. The Waste 
Ma,nagement Branch is planning a further study to assess 
the off site impact of applying various dust suppressants. 
Results from, that study will be used to ■dete^l.ne the 
viability of long- term," use of various li'qu,id industrial 
wastes as dust suppressants. 



YO'Urs truly. 



John Smart 

fla.ooB-'WO'f f icer 

Waste ,M,an.ageraent Branch 

JS/sp 
IN 06 18 
1899L 



APPENDIX G 
RESULTS OF DUSTFALL MONITORING PROGRAM 



IJgT OF PGORES 



Title 

■0.1a Dustfall Results - Niagara -on -the -Lake, Jime 

•■'S'.,.lb Dustfall Results • ■Niagara -on -the -■Lake, July 

GArn Dustfall Results - Niagara -on -the -Lake, August 

0,14 Dustfall Results - Niagara -on -the -Lake, Sepcember 

Q.la . Diistfall Results - Hallowell. June 

Q,Zh Dustfall Results - Hallowell, July 

G.2c Dus^tfall Results - Hallowell, August 

g.2d Dustfall Results - Hallowell, September 

G,3a Dustfall Results - Milton, June * 

(3.3b Dustfall Results - Milton, July 

G,3c Dusitfall Results - Milton, August 

G,3,d Dustfall Results - Milton, September 

G.4a Dustfall Results-- Armour, July 

G.^b Dustfall Results - Armour, August 

G.4e Dustfall Results - Armour, September 

G.Sa Dustfall Results - Coleman, July 

G.Sb Dustfall Results - Coleman, Au,gus/t 

Q,5c ' Dustfall Results - Coleman, September 

G.Sa Dustfall Results - Blandford Blenheim, July 

G.6b Dustfall Results - Blandford Blenheim, August 

G.6c Dustfall Results - Blandford Blenheim, September 



BUST SUPPRESSION DUSTFAU. RiSlLTi JU(£ S7 (P8Q37.aO) 







m 


MTE 


DATE 


OlST 


DEPTH 






ij. 


INSTALLED 


COLLICTEl 


iS/H*2/3.0 DAYS) (CH) 


LocatiBfl 


MQTL 


m 


HAY 22/B7 


JUNE 18/87 




4.03 


Me 


ME iS/B7 


m 


NAY 22/B7 


JUNE lB/87 




1.39 


Uiodspttd 


S knots 


m 


HAY 22/87 


JUNE !i/B7 




11.95 


lind: Mr 


yuu 
nlli 


m 


HAY 22/87 


JUNE 1B/B7 




3.23 


Mmiitf 


511 


m 


HAY 22/87 


JUNE 18/17 




4.9i 


tatiitf 


3/10 




IflY 22/87 


JUNE 18/87 






tei-ituri 


2.01 












Location 


SILTDH 


m 


HAY 29/87 


JUNE 19/87 




2.3S 


Datt 


JUNE 19/87 


uu 


HAY 29/87 


JUNE 19/87 




1.17 


Hindssif^ 


4 knots 


U8 


HAY 29/87 


JUNE 19/87 




2.33 


iind Mr 


m 


m 


mi 29/87 


JUNE 19/87 




1.44 


Huiisiitv 


m 


AN 


HAY 29/87 


JUNE 19/87 




2.96 


Sitinc 


f/lO 


B8 


HAY 29/B7 


JUNE 19/87 




2.15 


fteisturt 


k.Ql 


m 


HAY 29/87 


JUNE 19/87 




2.64 






m 


HAY 29/B7 
HAY 29/87 


JUNE 19/87 
JUNE 19/87 




1.65 


Location 


KAUDNELL 


[S2 


HAY 25/87 


JUNE 20/87 




38.51 


Date 


JUNE 20/B7 


U1& 


HAY 25/87 


JUNE 20/87 




0.00 


Hindspetj 


3 knots 


US 


HAY 25/87 


JUNE 20/67 




44.77 


Hind iir 


MM 


11 


HAY 25/87 


JUNE 20/17 




33.37 


Htnidity 


541 


Si 


HAY 25/87 


JUNE 20/87 




:S3.76 


Ritinf 


km 


Si 


HAY 25/87 


JUNE 20/87 




15.54 


Hoi stun 


1. 01 
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HAY 25/87 


JUNE 20/87 




2.86 
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HAY 25/87 
HAY 25/87 


JUNE 20/87 
JUNE 20/87 




12.30 



2.5 



1.9 



3.6 
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m 


BATE 


MiTE 


WIT mm 






IJ. 


IiSTAt-iI.B 


CQiLLtCTIS 


iB/r2/30 MYSl I'DJ! 


Licit i in 


NOTL 


132 


mm li/87 


JULY 21/S7 


li.il 


Dati 


JULY 21/17 


UU 


JONI 18/17 


mu 21 /B7 


11.12 


Miidispiedi 


0-5 kiits 
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JUNE; 11/17 


JiLY 21/17 
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liii lir 


M 
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HuiiditY 


m 
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JOLf 21/17 


V. 


Hiiitire 
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Loeation 


HILTON 


U32' 


Jili 11/17 


JULY 22/17 


1.11 


liti 


Ji.y 22/17 


Ulli 
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JOLY .22/17 


18.03 
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S icnsts 


Ul 
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JULY 22/17 
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iiid Mr 


Ml 


UK 
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Huiiaity 
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m 


lyiE 19/17 


JULY 22/17 
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Rifcifli 
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23.. 0.5 
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j.yii if/i7 


JULY 22/S7 
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mi 


JW 20/17 


JULY 19/17 
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iiidspted 
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SE 
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in 


Dtt 
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6/10 


06 
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JULY lf/i7 
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Neisturi 


Q.2I 


DI6 


Jli' 2§/S7 


JULY lf/S7 


23 JO 






D32 


mm 20/S7 
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JUL! I'f/il 
JULY lf/i7 


22. Si 


UcitiBn 


COLiHfiN 


U32 
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JULY 25/17 


i.li.' 


Bite 


JULY 25/17 


Oli 


JUHg 24/17 


JULY 25/17 


t.il 


iiiispttd 


0-5 kBits 


Ui 


JWI 24/S7 


JULY 25/87 


i.i! 


iiid lir 


HE 


m 


JUii 24/S7 


JULY 25/17 


32.68: 


HBiiiity 


iOI 


m 


JUNE 24/117 


JULY 25/87 


2i.7i 


liitief 


4/10 


Mh 
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- Armour , June 

- Armour, July 

- Armour, August 

- Armour, September 

- Coleman , June 

- Coleman J July 

- Coleman, August 

• Coleman, September 

- Blandford-Blet^eim, June 

- Blandford-Blei^eim, July 

- Blandford-BleTiieim, August 

- Blandf or d- Blenheim, September 
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PABfT A - Sa^mJlE Am^ICATIONS OF DUST SUPra^SAUT 



1 - How luemy mlee or kilometers of treated rged .g^a iMider yO'UT" j'uris- 

diction? 

2 - How long' have you applied that suppressafit to the teat seetion of 

road? 

3 - When t^a the last application before Maj 198?? 

4 - Pleas.e give dates and application rates of the suppressant during 

the 'period May to October, 1987. If jou quote the rate in tons per 
mle or kilometer, please state width of ai^li'^tti'on,. 

5 - Please give dates of grading of the road surfaoe from itoy to 

October 1987. Briefly describe' grading practice. 

6 - What is the average frequency of appllCTttion and gra^jag of the 

road? 

7' - When was stone' last added to the road? How o'ften is it nec'essary 
to add stone? 



PART B - COSTS OF AH^UCATK^ 



This section will permit the comparison of suppressaiit costs on a $/km 
basis. If application is by contractor, please complete^ the approp^ 
riate questions and include the contractors name, address and the name 
and telephone number of the individual you deal with. 

1 - Suppressant Costs 

Please give cost per imit for suppressant showing the transporta- 
tion cost separately. 

2 - Equipntent Costs 

^^fcat types of vehicles are used for suppressant application? 

What fraction of the time axe these vehicles used for si-qspressant 
versus other purposes. 

Describe approximate price, life expectancy, and maintenance costs 
for equipnient used exclusively for suppressant application (e.g. 
sprayers , tanks , etc . ) 

3 - I'fenhour Costs 

Describe the skill level and appropriate manhours recpoired for 
suppressant application. If the application was performed by a 
contractor, could permanent or part-time staff be lost? 

4 - Other Costs 

Describe any other benefit or cost due to the suppressant you have 
chosen. For example, is there any impact on maintenance, etc. 



PART C - OTHER INFCRMATia^ 



1 - Who selected the suppressant you use? Why? ' 

Z - How is the contractor/ supplier selected; ttmt is, do you review 
various products or select on the basis of price for a specific 
prodiLK^t. 

3 - Pleaise comment briefly on the dust suppressants listed below. Tell 
us why you would or would not use them. For example, cost, 
efficiency, environm^ital problems, availability, or lack of infor- 
mation.. We are interested in both facts and opinions.. 

Calcium Chloride 

Waste crank case oil 

Waste industrial oil 

Sodiim c8Lrbonate pulping liguor 

Tembind 

Bond-All 

Salt brine 

Coherex 
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